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PART 7 

MEMORY ELEMENT 


CHAPTER 1 

INTRODUCTION 


1.1 GENERAL 

The me mo ry dem e nt of the Central t nmputer is a 
computer-con trotted, large-capacity, random access, high 
speed storage facility which provides for the 'emiperma- 
oeflt storage o i all information (operating program. 
am data, and processed results) required f,, r or r **wH 
ing from the normal operation of the t cntral Com- 
parer. Since the memory storage circuit* do not dif 
f emaciate between instruction words a...| data words 
(raw or processed), the theory of operation presented 
is this part is based on the two types of memory cscles 
that affect memory operations; that is, the memory read- 
out ami memory sense cycles. The tstmitt readout cvcic 
(tqehaleffl to PT, OTa. and BO machine t ivies) results 
m the transfer of a memory word out of 4 specific mem- 
ory location; the memory store cycle (equivalent to 
OTa and BI machine cycles) results in clearing the speci- 
fied memory location and storing the deured memory 
word in die cfeafod loca tio n. Each tvpe of memory cycle 
6j 0 pace for execution. 

1J BLOCK PIACBAW ANALYSIS 

A Mode diagram of the memory element is shown 
m figure 7—1. the dace memorv address 

agjmn am shown as individual Mock*, each register 
is a ctua l l y an Jmg ial part of the as»«>< i^ted memory 
device since h is used to condition the internal address 
whfriM atom* withe* chat memoty. Ea,h of the three 
meanory devices is capable of storing different quantities 
of mf urination: cone memory 1 has a storage capacity 
of #9,536, no memory words, core memoty 2 has a stor- 
age opacity of 4^096, memory words, and test memory 
has so irA’iJiwe storage capacity of 16,,„, memory words. 
The s t o ra g e merfmm mod in tub of thf core memory 
demees b a MMfenil ferrite a ire array. Test mem- 
ory storage b accomplished by the me of a manually 
wired control pond, two toggle switch registers, and a 
(Bp-iDp regbeer. 

During compmer tpafioA each m em o r y cycle b 
initiated fay the transfer of the desired memory address 
to the three memory address nrgrtri , and the r-fr 


quern application of a start-memory pulse to initiate 
the infernal operations in the selected des ice. Concur- 
rently. the memory buffer registers are cleared to pre- 
pare them for the temporary storage of data to be 
transferred from either the selected memory location or 
from an external register, depending upon the type of 
cvcle in process. During the execution of a memory 


'■»)« ooosnau cc.-n'-r. 
address register. o« ;; 
AOC°ESS CCu\TfR 



pmitt 

commips 


Figure 7—1. Memory Element, Black Diagram 
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: cycle. Ae coaaeam a# Ae 

prorianceiy 3.0 pace ate *be cycle »*> imtmted. The 

ate cbea transferred to 
<liiwwd by a computer 
devices operate on die 
(the information con- 
tv erased), the latter 
cycle is used to store 
into the specified core 

h ^rinn During the execution of a memory 

store cyde, the first 3-0 usee are used to erase the con- 
tent of specified memory location and to transfer 
die new word from oo e of die computer registers to .he 
memory buffer register. During the latter portion of 
this memory cycle, the erw information is stored in 
the cleared memory location. 



The parity circuits associated with the memory 
buffer r eg is ter provide a means of checking the accuracy 
of information transfer into and out of other of the 
core memo ry devices. During each memory store cycle, a 
parity bit is assigned to the memory word (33rd bit of 
me mo r y word) before it is stored into the specified core 


memory kicwon During each memory readout cycle, 
the parity hi: is checked to determine whether the initial 
transfer into and the present transfer out of the core 
mtfflon were acv'rately accomplished. If the parity 
check shows that ».ie tremors word is in error, a parity- 
alarm signal is ««oerated to inform the operating per 
sonnel of the ;r_ function 

Since the -Memory storage devices and rhe parity 
circuits operate independents of each other, the dc 
railed analyses ot each of these circuit groups rs pre- 
sented in separate independent chapters of this part. 
Because the operating characteristic-. of the two core 
niemor devices are identical, the principles <>t core 
mem storage are discussed separately tn Chapter 2. 
This chapter, which analyzes in detail the characteristics 
of ferrite cores and ferrite arrav wiring, contains only a 
minimum amount of core memory circuit analysis. Con 
versely. Chapters t and 4, which contain the detailed 
theory of operation of the 64- and 256- core memory 
devices, respectively, do not include an analysis of the 
principles of teuuc core storage and are limired to an 
analysis of the logic circuits required to produce the 
desired results. 


m 
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CHAPTER 2 

WNCmES OF CORE MEMORY OPERATION 


2.1 analysis op fbhhte cores and ferrite 

COM ARRAYS 

2.1.1 CkarcKteriftks of fwifa Cores 

The principal component of a magnetic core mem- 
cay stonge device is a ferrite core which possesses a 
square l y» *wk loop, a low coercive force, and a short 
Bin I or switching time. The femte core used in 

the two awe memory devices is composed of a mixture 
of ferric and manganese oxide powders which are 
hooded together in the form of a toroid having an in- 
side dia<r of 0.050 inch (0.127 cm), an outside diam- 

of OOSO inch (0.203 cm), and a thickness of 0.025 
;«u-h (0.0635 cm). A carefully controlled sintering or 
firing p roc ess imparts the desired characteristics to the 
core. 

The usefulness of a ferrite core as a binary storage 
dr y w y* depends upon four important characteristics: the 
afaciity of the cote to remain in one of two stable mag- 
netic scales, the sepaareness ratio, the switching time, and 
the ratio of c o erc ive force to applied field required to 
produce the major or saturation hysteresis loop The 
m j nr h ys teres is loop of a typical ferrite core. » hich is a 
p| or of flux density (B) versus applied magnetic held 
l iiM w ao (H), is shown in figure 7—2. 

Storage oi binary information in a ferrite core i> 
^pvvlwi r on the ability of the core to retain a relatively 


large value of residual or remnant flux, upon the termi- 
nation of a driving or switching pulse of current As 
shown in figure 2, two primary stares of residual or 
remnant flux density (B, and B ) are possible, ami 
the>. have been defined as che zero and one states 
respectively. To switch j core from one state to the 
other, it is necessary to appls a current pulse of I. or 1. 
mi (depending on rhe initial conrent of the ..ore) to the 
drive line that links the core. The resultant applied field 
of 820 ma- turns wilt \aturate the core in the dented 
direction, causing the flux state to .-t erse bs traversing 
the loop path a-b c >r c d a. 

During core nuin.»r\ operation, the Mate of .< .me 
is determined by apply mg a read current pulse (l .j to 
the dm e line, and detecting the resuiram ih-mges m 
flux density by measuring the voltage induced in the 
sense winding. If rhe core was initial iv in rhe one stair, 
application of the rud current pulse (l.) »•.!' se 
the core to be switched to the zero state (traversing path 
a h-c in fig. 2). with the result that i relatiseh large 
change in flux demits (2B ) will he detected hs : t 
sense winding (one output signal) If :he con w ,.s 
mitialls in the zero Mate, application >t me read current 
pulse ( ! * ” i" n-o o,..k .u e - .... , -u c-b-s n fig 
1 — 2 *» ciaser»esl>. »uii tf ««. .c>>cit that * reiamrls sma!! 

■ Mange in flux dene.. , will he dec. o. J ' ' . <?- ■- - - 1 
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mg (am uucpa a§ul). The empli*s«>* rf the *° 
iiW[B it fy** 1 b dependent b|»" « the ratio of the te eid a el 
dczmty (Bv) to the at uni kw fen density (B.). 
-h^» b *»«&«— I a the iqaeitnas ratio (R. = 8,/B.) 
of die cot. Thhow a in dm it determines 

the ii lninnitiif b et w een the wffeodts of the one end 
zero output agpb. The magttiimk of the zero output 
signal J e umn as fee ▼aloe of R, approaches 1, with 
the result that the di H cre nc e between the amplitudes of 
de amt and zero — np** signals becomes greater. Ferrite 
paf t used in fee two core memories have a squareness 
ratio greeter than 0.9V 

The doe re quir e d to produce a dux change or flux 


oat output 
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Figur 7—3. Typical Response of a Ferrite Core 
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rmnai is of equal or greeter importance dun the 
squareness ratio. Figure 7—3 chows the typical output 
signals pr o d uced as the result of a read current pube 
(4) being applied to a owe in the one and aero states. 
As KMsd hi the figure, the aero output signal is not only 
smaller in amplitude than die one signal, but also peaks 
earlier and is of shader duration. Since these differences 
exist, h would appear that information detection could 
be atxtsis-iplished by either a rime-amplitude or a differ 
enre-amphtude sampling technique. However, in a prac- 
tical core memory, a rime-amplitude sampling technique 
must be used because the noise signals generated in the 
memory (discussed in 2.4) make the difference-amplitude 
sampling technique unfeasible. The rime required for a 
core to switch from one state to the other is defined as 
the switching rime, T.. This time ts actually measured 
as the elapsed time between the time that the driving 
current pulse reached 50 percent of its amplitude, and 
the ri me at which the one output signal has dropped to 
10 percent of its peak amplitude. The switching time for 
cores used in the memories is approximately 1 .2 usee for 
an applied field of 820 ma through a 1-turn drive 
winding. 

The coercive force (H c ) of a magnetic material is 
defined as the maximum value of field intensity that can 
be applied without causing a change in flux polarity. The 
ratio of coercive force (H,.) to saturation field intensity 
(H.) is as important to proper memory operation as the 
squareness ratio (R») and the switching time (T„). Since 
the coer cive force (H, ) of the memory core in use is 


greater th*n one half of the saturation field intensity 
(equivalent to 1. 2 and I. 2 in hg. 7 — I), it is not suf- 
ficient to cause dat core to switch from one state to the 
other. As a result of inis characteristic, the core switching 
function can K* and is. performed bv two separate 1 turn 
drive lines, each actuated with > j the drive current re- 
quired to switch a core. As noted in figure 7—4, the two 
single-turn drive lines, labeled X and Y, are wound 
through the core in the same direction so that the in- 
dividual magnetic fields set up bv these two windings 
will add directly when the drise lines are energized by 
urre u pulses of the same polarm. Since each drive line 
is supplied with half-amplitude current pulses ( 1 •> the 
current required ro switch the core), both drive lines 
must be pulsed in coincidence in order to switch a core. 
A study of the hvsteresis loop reveals that application 
of individual half amplitude current pulses of either 
polarity does produce small changes in the flux density 
of a core (in fact, alternate polarity pulses produce the 
four remnant stares of the two minor hysteresis loops); 
however, under no condition will a half amplitude cur- 
rent pulse cause the core to switch from one state o> the 
other. It is this important characteristic of the ferrite 
core that makes it possible to design a ferrite memory 
array that wrill operate on a coincident current merho i 
of address selection. 

2.1.2 Characteristics of a Ferrite Core Array 

Figure 7-5 shows the square arrangement of fer- 
rite cores in a memory plane (one of the 33 horizontal 
layers of a ferrite core array) which contains the simi- 










• L1.MJ 


m n, mk t 7 
CM 2 




JM 


larf y daiyte d bit of all the memory words stored in a 
cote memory device. Although die drawing skows only 
the X and Y drive line wiring of 16 cotes in a 4 x 4 ma- 
trix. it ia representative of the cote memory 2 plane, 
which f ir "- 4,096 cotes in a 64 x 64 matrix, and the 
core memory l plane, which comaim 69,536 cores in a 
256 x 256 matrix. In additio n to bring linked by the in- 
dividual X and Y drive fines, ail the cores of a memory 
plane am finked by two additional wires (not shown), a 
stmt winding and an inM b it winding. 

In constructing a ferrite core array, the 33 memory 
planes that comprise the array are stacked vertically and 
the X and Y drive lines of each plane are connected in 
series with the similarly positioned drive lines of adja- 
cent planes so that one current driver can be used to 
Control the associated X or Y drive line of the 33 planes. 
That is, the individual X and Y drive lines are series- 
conoccsed so that one current driver wilt affect rhe simi- 
larly po a aoooed row or cobimr of cores in each of the 
33 planes. As a result of this wiring scheme, each pair of 
mutually p e r pendicular drive lines (one X and one Y) 
intersects at the same point in each of the 33 planes to 
mutually the similarly positioned core in each of 

die 33 planes of the array. That is, each pair of X and 
Y drive lines mutually links a specific vertical column of 
33 cotes (one in each plane). 

During cure memory operation, selection of j spe- 
cific memory register (a vertical column of 33 cores) is 
accomplished by conditioning one X and one Y current 
driver. Subsequently, the two conditioned drivers are 
actuated so that they will simultaneously genera"- half- 
ampfitode read and half-amplitude write current pulses 
in the sequence noted in figure 7—4 Since the two drive 
lines that kink a core (fig. 7— 5) are wound through the 
core in the same direction (with reference to the asso- 
ciated driver), (he individual magnetic fields set up by 
there two selected drivers will add at the point of inter- 
each current driver can only supply 
treat pubes, only the cores at the 33 
inter se cti o ns of the two selected drive lines (one core in 
each plane) will be afiected by sequentially applied mag- 
netic fields of plus and minus 820 m a- turns (fully se- 
lected); all the other cores on these two drive lines will 
be affected by sequentially applied magnetic fields of plus 
and nunaa 410 ma-turns (half -selected). The sequential 
application of magnetic fields of plus and mints 410 ma- 
torns will not produce any change in the status of any 
of the ha lf s elect e d coses (fig. 7—4). However, the se- 
quential ippliriti n of magnetic fields of phis and minus 
820 ma-tnfur to the 33 referted coves (one core in each 
plane) win amt each of these cores to be switched first 
to the me rente and then to she one state. Since normal 
memory aptsmikm may leq p ice that individual cores of 
the selected memo ry r e grita t (one core in each plane) 
ra^^mA^eros*«atittfhe»dofau^^^gcyAya.,. 


separate c mtrol is provided for each plane which when 
actuated "ill prevent the minus 820 ma-turn applied 
field from switching the associated selected core to the 
one state. This .untrol to inhibit the writing of a 1 in 
the selected c r* of an individual memory plane is ac- 
complished b* a digit plane driver. When conditioned, 
the digit plan, driver can be actuated to generate a nega 
tive current pulse of 410 ma on its associated one-turn 
inhibit wi-.ding in coincidence with the half-amplitude 
write current pulses that are applied to the selected X 
and Y driver lines. The inhibit winding, which iinl all 
the cores of a single memory plane, is w«>und v< that :ts 
appl-ed field opposes the individual magnetic fields set 
up by the X and Y drive lines when the latter :ire ener- 
gized bv half-amplitude write current pulses. 

As a result, the coincident application of these three 
current pulses to the selected core of a plane wiil pro- 
duce a resultanr magnetic field of minus -410 ma-turns, 
which is not sufficient to switch the selected core from 
the zero to the one state. Although the inhibit current 
pulses also affect all the other cores of the plane, it will 
not produce any change in the status of an\ of these 
cores. The detailed analysis of how the digit plane 
driver is controlled to perform its function is given in 
2 . 2 . 

2.2 COB! MEMOS Y CYCLE ANALYSIS 

During normal computer operation, either of the 
two core memory devices can be individually selected to 
perform either of two distinct functions: to supply a 
previous I v stored word to the computer (readout cyile) 
or to store a new word supplied bv the computer (>■: re 
cycle) for either of these two cycles, the Centra ( -mi- 
putci .nus. specify wh- b particular memory register 
( vertical column of 1 mo) is to he involved in the uh 
sequent memory operation and in winch direction infor- 
mation is to be transferred. In addition, the Central 
Computer must also generate a start-memory pulse to 
actuate the internal memory circuits. As a result, at the 
beginning of every core memory cycle, the following se- 
quence of events is performed bv computer commands: 

a. At TP 0, the mentors address register, the ment- 
ors buffer register, and the internal memory con- 
trol circuits are reset to a neutral or starting 
condition 

b. At TP 1 (approximately), the desired address 
information is transferred to the memory ad- 
dress register, which functions to condition the 
pair of current drivers (one X and one Y) that 
are to be actuated during the subsequent portion 
of the cycle. 

c. At TP 1 (delayed), a start-memory pulse is ap- 
plied to the memory pulse distributor (a tapped 
5.5-usec delay line) w hich functions to control all 
the internal memory operations required to coni- 

^_^ i>lctethetnemorv cycle. 
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In pftiaiM g its hactnii, die memory pube dis- 
tributor provides dela ye d sort-memory poises to actuate 
the cundar~~"* X and Y current drivers so that they 
will both genera te a half-amplitude read and a half- 
amplitude write current pulse in the seqnence noted in 
figure 7—4. In addition, delayed start-memory pulses 
are supplied to the digit plane driver controls so 

that mA conditioned digit plane driver will generate an 
inhihit ament pulse in the sequence noted in figure 
"—4. the read, unite, and inhibit current pulses 

are generated in die same sequence for every core ment- 
ors- cycle, the analysis of internal memory operations 
consists of defining the function of the read and write 
portions of the cycle. 

Since all memory cores function in the same man- 
ner, the following discussion on the details of the mem- 
ory readout and store cycles will be based on the single 
core shown in figure 7—4, which represents the core at 
the intersection of the selected X and Y drive lines of 
oik memory plane. 

2.2.1 Memory Readout Cycle 

The read portion of a core memory readout cycle is 
used to determine the status of the selected cure. Since 
the «"*g— w fields set up by the selected X and Y drive 
line* add at their point of intersection, a magnetic field 
of -j-SZO mu-turns will be applied to the selected core 
upon the generation of the coincident (X and Y) half- 
amplitude read current pulses (I r /2), If the selected core 
initial! * contains a 1, the applied field will cause the 
core to s w a a c fa its magnetic state and the resultant flux 
change 4approximately 2B r ) will induce a one output 
signal (fig. 7—3) in the 1-turn sense winding that -nks 
all the cores of the associated memory plane. This sig- 
nal, when amplified by the sense amplifier, will condi- 
tion riw iworiitfri gate tube. Ihe gate tube is sensed by 
a sample pulse (delayed start-memory pulse) at a spe- 
cific time (that is, at the peak of the amplified 1-output 
signal), — »d the resulting output pulse is toed to set the 
associated m e mo ry buffer register flip-flop to the I state. 

If the selected core initially contains a 0, the ap- 
plied field cannot cause the core to switch, although a 
small fln Aany will result which induces a zero output 
signal (fig- 7—3) in the sense winding. However, since 
this induced signal is small, the associated gate tube will 
I not be c o nd i ti o ned when sampled, and the memory buf- 
fer icgi s ier flip-flop will remain in the zero state. 

Thus, c the end of the read portion of the memory 
readout cydc, the selected core is in the zero state re- 
gardtea of die initial contents of the core (destructive 
readout), mid the associated memory buffer register flip- 
flop contains die initial contents of the selected cote. 
The c ontnma of the memory buffer flip-fiop are then 
transfected to the specified Central Compiler register by 
| die appropriate computer generated transfer command. 
\ Since a memory readout cycle requires that the initial 


contents of the selected core he preserved for future 
reference, the write portion of the cycle is used to re- 
store the selected core to its initial state. 

Since the mem ry buffer register flip-flop contains 
the information tc dc written into the selected core, this 
flip-flop is used t > control whether the selected core will 
be switched to the me state or be made to remain in the 
zero state. This control is accomplished by supplying 
either a conditioning or a deconditioning level to the 
associated digit plane driver which, when actuated, will 
generate a negative current pube of 4 10 m*» on the l- 
tum inhibit winding that links all the cores of the as 
sociated nemory plane. If the memory buffer register flip- 
flop c- ains a 1, its zero side output ( - 3<>V level) will 
deconuirton the digit plane driver so that an inhibit cur 
rent pulse will not be generated during the write por- 
tion of the cycle. Under this condition, the coincident 
(X and Y) half-amplitude write current pulses (1 2) 

supplied to the selected X and Y drive lines, which re- 
sult in the application of a magnetic field of 820 ma 
turns to the selected core, will cause the selected core to 
be switched to the one state. 

If the memory buffer register flip-flop contains a 0. u> 
zero side output (-H oV teve! ) wil1 condition the digit 
plane driver so that an inhibit current pulse will be 
generated in coincidence with the half amplitude write 
current pulses. Since the inhibit winding is -sound so 
that its applied field will oppose the individual mag 
netic fields set up by the X and Y drive lines when the 
latter are energized by half -amplitude write current 
pulses, the inhibit current pulse, although actually nega- 
tive, has the same effect as a half-amplitude read current 
pube which ; s positive Under this condition, the mag 
netic fields set up in the scle.:-' 1 core by the three coin 
cidr-nt current pubes ’ ill add algebraically to produce 
a net applied field of —410 ma-turns (equivalent to halt 
write), which is not sufficient to switch th* core to the 
one state. As a result, the selected core remains in the 
zero state. 

2.2.2 Memory Store Cycle 

The memory store cycle is very similar to the mem- 
ory readout cycle in that the read, write, and inhibit 
current pulses are controlled and generated in exactly 
the same manner. In fact, these two types of memory 
cycles differ in only two respects. During the execution 
of a memory store cycle, the sense-amplifier-gate-tube 
sample pulse is not generated (inhibited by a computet 
command), and the memory buffer register flip-flop is 
loaded from an external source prior to the write por- 
tion of the cycle. Since the memory buffer register flip- 
flop cannot be made to reflect the status of the selected 
core, the read portion of the cycle effectively erases the 
initial contents of the core by ensuring that the selected 
core will be in the zero state prior to the write portion 
of the cycle. During the write portion of the store cy- 
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die new idonutioo contained in the memory huf. 
hr — flip-fcp ii written into the selected cure hi 
exactly the sane mann e r de sc rib ed for the memory trad 
out ode. 

U ANALYSIS OP PEMHTf COM OUTPUT 

SIGNALS 

To simplify the previous discussions of the pnn 
triples of ferrite core operation, the simple waveforms 
of flfure 7—3 were purposely used as examples ot the 
our put signals of both the selected ferrite core and the 
te n se winding of a memory plane. However, since the 
—we winding links all the cores of a memory plane, 
the sense winding output voltage actually represents 
the summation of the selected core output voltage and 
the noise voltages generated by all the other cores in 
that plane. Since the output voltage characteristics (am 
ptrtoile, duration, and polarity) of each core depend on 
(1) the fl ux state of the core, (2) the amplitude, dura- 
tion, rise and fall rime, and polarity of the cuiirnt 
pulses that affect the core, and (3) the wiring geomnrv 
of the sense winding, the resultant amplitude and iim 
mg of the noise voltages generated during a spe* ifu 
memory cycle depend on many variable operating comli- 
doac As a result, the sense winding output voltage wave- 
form is a complex variable in which the amplitude of 
noise spikes can exceed (depending on the operating 
conditions) the amplitude of a ONE output signal hv a 
facanr of 3 to 1. The present discussion is limited to an 
analyst of the individual ferrite core output signals 
produc ed under various operating conditions; the man 
ner in > hich the individual cores affect the sense wind 
ing output voltage is discussed in 2.4. 

Since the output signal of a selected core i c samplnl 
daring the read portion of a memory readout cycle, the 
fol lowi ng analysis of ferrite core output signals is based 
on the core response to read-current pulses only. He. 
cause the noise voltage generated during this portion 
of dm memory cycle is produced by the output signals 
from the half-selected cores (to he discussed in 2,4), 
dm analysis jnctudrs the core response to both full- 
selected and half -selected cores. 

An examination of the hysteresis loop of figure 
7 — 4 shows that under normal core memory operation a 
ferrite core can be made to remain in one of five lvu.ii 
remnant flux states. (Actually, the ferrite core exhibits 
nine distinct flux states; however, only the five basic 
flux states will be considered in this discussion, t he 
four flux states that are omitted are actually minor 
deviatio ns of four of the five baric flux states.) The hve 
remnant flux states shown in figure 7—4 are identified 
by symbols which designate die information status of 
the erne (one or mo) and die polarity and amplitude 
of the last current prise that mm applied to the cure 
prior to the memory cycle in process. (The manner in 
which a core is node to exhibit a specific remnant flux 
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state is discussed in 2.4.) If the last current pulse applied 
to a core was equivalent to a full amplitude current 
pulse (summation of X and Y drive line current pulses 
applied to a sele< 'ed core), the core is said to be in an 
undisturbed st.itc (only the undisturbed one state is 
possible) If tf hist current pulse applied to a core was 
equal to a half imphtude current pulse (read, write, or 
inhibit), the core is >.iid to be in a disturbed state (rz, 
wz, rl, and w I ), and the half-amplitude current pulse is 
said to be a disturbing pulse. The disturbed fiux states of 
a core aie referred to as write disturbed or read dis- 
turbed. depending on whether the last disturbing pulse 
was - -:!t amplitude write or a halt amplitude read 

cm rc... pulse. Since the inhibit current pulse is equiva- 
lent to a half amplitude read current pulse, a core that 
is disturbed by an inhibit current pul»c is considered to 
be read disturbed. 

The output voltage generated bv a core during the 
read portion of a memory cycle depends upon the mi 
tial magnetic state of the core and the characteristics of 
the read current pulse Since each of the five remnant 
flux states can be affected bv either halt-amplitude or 
full-amplitude (fully selected) read current pulses. MJ 
distinct output voltages are possible Figure ' - fi lisrs 
these output voltages by name and wmbol and shows 
the general waveshapes and voltage amplitudes th^r wiii 
be obtained for a typical core. In each case, the output 
voltage symbol subscripts fully define .he initial state 
of the core as well as the amplitude of the read < urrenr 
pulse that produced the voltage: As ar example, con- 
sider the symbol ,\ I he subscripts r and / spt-cifv that 
the core was in the read disturbed zer, . state, and the 
subscript n specifies that t. e cote was ad.-a.ed bv a half 
amplitude read current pulse. Absence of the subscript 
sp.cifying current pulse amp'uude : m cures that :i>. 
core is actuated by a full-amplitude (selected core) read 
current pulse 

A study of the hysteresis loop of figure 4 reveals 
that the remnant flux of a core in the read disturbed one 
(rl) or read disturbed zero (rz) state is not permanently 
changed by the application of a half-ampiitude read cur- 
rent pulse in that the respective flux path f-j-f or b-d-b 
is traversed. As a result, the core output voltage that is 
produced under either of these two halt-selected condi- 
tions is a result of completely reversible flux changes. 
Because these fl ix changes are reversible, the amplitude 
and duration of these two output voltages are direttlv 
related to the rise and fall time of the applied current 
pulse and the flux density of the core. 

Since the flux density of a core in the read disturbed 
zero state (rz) is slightly greater than the flux density of 
a core in the read disturbed one state (rl ). the amplitude 
of the half-select read disturbed one ( Y , ) output volt- 
age is slightly greater than the half-select read disturbed 
zero (A output voltage (fig. 7 — 6). 
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THE AMPLITUDES SHOWN WERE 
OBTAINED UNDER TEST CONDI- 
TIONS AND THEREFORE MAT DIF- 
FER FROM THOSE OBTAINED ’ N 
DER ACTUAL OPERATING CONDI- 
TIONS HOWEVER. THE RELATION- 
SHIPS BETWEEN THESE \ OLTAGES 
WILL REMAIN THE SAME UNDER 
BOTH CONDITIONS. 



Figuro 7—6. Output* of a Typical ferrite Core 
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A farther tend* of the hysteresis loop of figure T — 4 
ntah that the application of a fall-amplitude read cw- 
reat pulse to a cuce m any of the five remnant flax states, 
or the application o i a half-amplitude read current so a 
esae in the onfinaM one (ul), write disturbed one 
(wt), or write dbaufe ed mo (wz) flux state will mok 
aa an intvmiUe fla change since the core flux does not 
reams so its iniaul state upon the termination of the 
(hi* mg nurwmmmt plu. Tdrie 7—1. which refers to die 
hjm'irersii loop of figure 7—4, specifies the flux path that 
it unv er sed far each of the eight selected conditions dm 
resole in an iirevczsable flux change. Since a reversible 
rnmfHMii m of flux change is also produced under the 
■ho* fair ntioacd — conditions, the output voltage 
generated in the ■ * «»» winding is actually a summation 
of reversible and i r re v er s ible components of voltage. Be 
came die d u r atio n of the irreversible component of the 
output voltage b dependent on the total amount of flux 
change and the sw itc hi ng tune of the ferrite material 
(refer to 2.1). the duration of the three full-selected 
1-eesRpu* signals (, V . > V i , and .V, in fig. ’— 3 ) is cm 
•mhmxMtf longer in tune and larger in amplitude than 
the five other i rrever sible output signals ( V k; , . V ,, 
.Vj, and .V, m fig. "— 6). Examination of the 
hfuctse^. loop of fixate 7—4 shows that the same amount 
of irreversible flux change is produced when a half 
■ mpiifiMh tead ■ ">»« pulse is applied to a core in other 

the warn disturbed one seme (* l) or the write disturb 
ieeu state («x). However, since die flux switching rate is 
sfigfirlv slower when the flux density of a core is bemg 
rlwrreeii if chan when the flux density is being increased, 
the wear domrhe d hal f- s elected zero (. V^) outpc * %«g- 
uai Bsfighdy greaser in amplitude and shorter in dura- 
fioe than the wtar dxsturbed half elected one (.V ) 


need an 2 A, the sense wtoding of a memory 
ether of die two ferrite core arrays links all the 
hoc plane. la dm cote memory 2 array dm » 
had by peering a single winding through ail 
of the 64 x 64 core matrix. Since the memory 


of the core m 
wed of (6 on 

upsmd of 16 


array (fig is essentially 
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dual san e r windings, one in 
y 1 plane, the individual «h> 
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boo me essentially identical, dm 
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TABU 7-1. IRREVERSIBLE FLUX CHANGES 


INITIAL REMNANT 
STATE 

READ CURRENT 
PULSE 

FLUX PATH 
TRAVERSED 

ul 

Full amplitude 

h-j-e-a 

wl 

Full amplitude 

g j-e-a 

rl 

Full amplitude 

c-d-e-a 

W7 

Full amplitude 

c-d-e-a 

r/ 

Full amplitude 

b-d-e-a 

ul 

Fla If -amplitude 

h-j-f 

wl 

Half-amplitude 

s-i-f 

w z 

Half-amplitude 

c-d-b 


manner in which the memory plane cores are affected by 
the read, write, and inhibit current pulses. 

2.4.1 Sense Winding Geome try 

The sense winding of a memory plane is wired in a 
specific pattern to provide for the optimum cancellation 
of the noise voltages generated during the execution of 
a memory cvcic. These noise voltages must be minimized 
so that the associated sense amplifier can reliabh. div 
anguish whether the selected core xonmned a 0 or a 1. 
The present discussion is limited to an analysis of the 
sense winding geometry; the manner in whkh » '»»!'< 
voltages are minimized is presented ia 2.4.3. 

Figure 7 — 8. A. which illustrates an 8 by 8 portion 
of the 64 v 64 memory 2 plane matrix, show s .he ai range 
mem of the ferrite cores and the manner in which the 
X, Y. and sense windings are wound through these 
cores. Although ;he inhih** »• mdirg wb< 1 is wound in 
parallel to the 1 drat nuts in Sink, ail the cores in tne 
pbne, is referred to m subset] uto. J:*- • c<; o-s. it has 
been omitted in the diagram to improve drawing clarm 
The arrowheads on the X and Y drive ones indicate 
the direction of current flow for the half amplitude 
read current pulses. The polarity sign associated with 
each core is used to indicate rhe polarity of the core out- 
put signal that is induced in the sense winding as a re- 
sult of a read current pulse. The polarity of the core 
output signal is determined bv using the right hand 
rule to determine the direction of flux change that re 
salts from the application of a read current pulse and 
then, using Lenr's law, to determine the direction of the 
induced voltage in the seme winding. In all cases, the 
polarity of the core output signal is referenced to the 
start terminal of the sane wtoding. 

To illustrate the manner in which the sense wind- 
ing polarity is determined, consider the core shown in 
figure 7—8. B, which is used to represent the core in the 
upper left hand comer of figure "'—8. A. To determine 
the direction of flux change produced in this core by a 
read current pulse, grasp the X or Y drive line in die 
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li ffi m hand with dk thxaob powoung in the direction of 
<■««■» Bam. The fingers of the right hand indicate '-.j( 
the resultant fu change in the core is in a counter*.; Ak 
erne directum. Lear * b« Mates that the urrem -* ns*. h 
Bam* m a rank of an induced voltage is su » m 'har u 
will sec up a field eo oppose the original change t t?cv. 
Since, in this •*• ~*p»*_ the direction of the <?-■> hjr.gt 
has been tituiiuiaed to he counterclockw ise. the held 
set ap by the seane winding must be m the ck*kw tve di- 
rectum. To determine the direction of the resultant cur 
rent bow hi the seat w in d ing , grasp the sense winding 
to dm right hand so dm the finger* point in the direc 
(km of the magnetic field set up by the sense winding 
{clockwise). The tfamwh of the right hand point* toward 
the positive terminal of the tense winding. In rim spe- 
cific example, the end of the sense winding is die positive 
termin al and the scan of the sense w inding is the nega- 
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r:.c sort* induce 'rages 1:1 the ver.-e .’s.r.'r.g ... ..ting 

: definite pdarits pattern in the un her of 

positive signs s «-*jual to the number i neg • < signs. 

Although the figure only shows an 8 v 8 core matrix, 
this polarity pattern also exists m the M v M c«*rt matrix. 

2.4.2 Dsvelopnwnt of Disturbed Flux States 

Prior tn anal) /mg the sense winding output volt- 
ages produced during the execution of a memon read- 
out cycle, it is first necessary to consider the manner in 
which the read, write, and inhibit current pukes will af- 
fect the cores of a plane As previous!* stated, during 


figure 7—7. Companion of 64 : and 256 : Core Memory Planes 
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of a memory cycle, 
I cores of a 64* memory plane are designated 
<1 core), half -rejected (126 cores), or 
(3v96> cores). 

if the — Iwr— d cnee is to omin a 1 at the end of a 
cycle, then doting the execution of the memory 
: the rejected core will e ft ec triciy be actuated by full- 
read and full- ' ■ ti re c ur r en t nurin. and the 126 half 
core s will be acanaaed by half-read and haif- 
The nomdected cores will not be 
However, if the selected 
a 0 ar (he eod of a memory cyde. then 
he (rfetaiCBt to a half-read cur- 
apphed so the inhibit winding in 




coincidence with the write current pokes, will also be 
generate d during the execution of the memory cycle. 
As a remit, all c o r es (full-, half-, and nonselected) will 
be affe cte d during the write portion of this memory cy- 
de. Since the magnetic field set up by an inhibit current 
poke is equal and opposite to the magnetic field set up 
by a half-amplitude write current poise, the simultane- 
ous application of these two current pukes to a core will 
result in the effective cancellation of the two fields; that 
is, the core will behave as if die two current pukes were 
not app lied. Thus, if die selected core is to contain a O, 
the selected core will be effectively actuated by a full- 
read id a half-write current puke, the 126 half selected 
corr- will be effectively actuated by a half-read c urr e n t 
purse only, and the 5,969 nonselected cores will be ac- 
tuated by an inhibit current pulse ( e ffect i ve half-read). 

Table " T — 2 provides a summary of the sequence of 
current pulses that are applied to the memory plane foe 
the two conditions of selected core content. Since the 
table is based on the final content of the selected core, the 
current pulse sequences noted in the table are applicable 
for both the mentors readout cvcle xnd the men*ory 
store cycle. 

Since the remnant flux state of a core is determined 
by the polarity and amplitude of the Last applied cur- 
rent pulse, a study of table ~—2 tad figure 4 will 
show how each core is affected under the uo condi- 
tions of selected core comenr. If the selected core is to 
contain a 1 at the end of the memory cycle, the selected 
core will be lefr in the undisrurhed one (i ’) flux state, 
the individual half -selected cores will be left in the write 
disturbed one (wi) or write disturbed aero (wr) flux 
stare ( depe n ding upon whether the inch* 'dual core con 
Cains a 1 or a u), and th*. ; .?'9 non selected cores will re- 
main static: that is, Ir. tnetr origin-?' ,.»»» if the se- 
lected core is to contain a o at the end of die memory 
cyde. the selected core will be left in the write disturbed 
zero ( wz) flux state and the individual half-selected 
cores and nonselected cores will be left in other the 
read dkturbed zero (rz) or read disturbed one (r l ) flux 
state ( depending upon whether the individual core con- 
tains a I or a 0). From the above discussion, it can be 
teen that any cores in a plane can he made to exhibit 
any one of the five remnant flux stares. 

1.4.J Analysis of Santa W in d ing Output 
V o lta ge 

A scurfy of the 64 x 64 core matrix (a part of which 
is shown in fig. 7—8, A) reveals that, when the sel e cte d 
X and Y drive hoes are energpked with half -tunphtude 
read current pokes (to read oat the contents of the se- 
lected core), a total of 127 cores are involved in pro- 
ducing the sense winding output voltage. That is. when 
a particular core b s elected , the seme winding output 
represents the summation of the selected core output 
voltage and the noise voltages generated by the 126 
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hilf-Mhorf cores (63 to re on die selected X aid Y 
drive fines). A study of igne 7 — 8, A, shows diet each 
X wad V drive Has contains a number of positive and 
negate* cotes; there fo re; hi a 64 by 64 cnee matrix, each 
drive fine rifl con tai n 32 positive and 32 negative cores. 
Tims, humane of dns sense winding polarity pattern, the 
appfimmon of confident half-read c u rren t pates to the 
selected X and Y drive fines of a memory plane will re- 
sult in de gEacratha of 62 (31 cores on the sel ected X 
and Y due fines) half-selected output voltages whose 
polarity ia the same as 6c polarity of (he selec t e d core 
output wi ny, and 64 (32 cotes on the sele c t e d X and 
Y daw fines) half irtened output voltages whose po- 
larity is opp osi te to the poiit it y of the selected core out- 
put voltage As a result, the half-selected output volt- 
ages of 124 of the 126 half -selected cores (62 positive 
62 negative output we&ages) will tend to cancel 
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the amplitude of the m- 
voteages depends upon 
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cam# flux fy* (fig 7—4) and if die characteristics of ail 
the awes are considered to be exactly the same, the ap- 
plication of a half-read current pulse to therhalf-selected 
cons will cause en-'h core of a pair of com to generate 
a half-selected output voltage that is exactly equal to, 
but of opposite polarity to. its mate. If each of the 62 
pairs of half-selected com is thus balanced, the delta 
voltage trill be equal to iero to provide for die maxi- 
mal cancellation of half-selected output signals. In 
memory maintenance programming, this condition of 
maximum cancellation of half-select output- voltages is 
o hc a in a d by using either a l's or a 0's rest pattern 
wheieii. all the com of a memory plane are in other 
the one or aero dux state. 

A study of the equation reveals that the maximum 
value of 6ln voltage is obt a ined when all the half -se- 
lected com of one polarity produce the smallest half- 
selected output voltages, while all the half-selected com 
of the opposite polarity produce the largest half-se- 
lected output voltages. Reference to figure 6 shows 
that the smallest half-selected output 'olugc is pro- 
duced bv a core in the read disturbed aero (n) flux 
sate, and doc the largest half -selected * >ut put voltage is 
produced by a core in the undisturbed *me- (ul) flux 
state. However, since it is only possible for one core on 
an X »r Y drive line to exhibit the undisturbed one (u! ) 
flux stare at any particular time (an attempt to cause a 
second core to exhibit the undisturbed oat flux state 
■«ii ««»«» (be existing undisturbed awe to be write dis- 
turbed. refer to 2.3). (his flux sate does not enter into 
fKf jf f f f m imfinw of the maximum value of.dc'ta volt- 
*ge. Instead, the maximum ni ue of delta voltage is «*b- 
r-tined when ail il»e nau; kuoi votes one polarity 
are in the read disturbed ier> (n) flux stair, and all the 
had -selected com of the oppnoaae . ic 

write disturbed one (wl ) flux s tate 

C fwry the delta \oltage con be of richer polarin. 
the — value of delta voltage can be produced m 
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li o w ii l co&diriom will have a peak amplitude is excess 
of 400 mw and a duration of approximately 0.5 ysec. 

the delta voltage and the selected core output 
voltage both sta.t at the same time, the delta voltage al- 
ways distorts the selected core output signal. If the se- 
lected core its 'tally contained a 0. the delta voltage will 
completely mask rite 0 output voltage since both volt 
ages have the duration. However, if the selected 

cote initiall y moral rat a 1, the delta voltage will only 
distort the first 50 percent of the I output signal, and 
die 135-mv ( approximate ) peak of the l output signal 
will not be affected. It is because of this important tun- 
ing f rtor that a time -amplitude sampling techrotfue can 
be - ed (during the execution of a memory readout cv- 
He> to reliably d et e r mi ne whether the selected core con- 
tained a 0 or a 1. That is. although the peak amplitude 
of the delta voltage can be much greater than me am- 
plitude of the selected core output sagnal. reliable mem- 
ory operation is obtained by sampling (fig. "—ft the 
sense amplifier output voltage at a specific time, aamefv 
at the peak of the amplified 1 signal Because tne con 
tent of the selected cure is sampled at a specific time, 
reliable discrimination between a C and a l output ug 
real depends upon the ability of the seme amplifier t*> 
faithful! t reproduce the relative amog of 
waveform. 
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CHAPTER 3 

1KKMIY OF OPERATION OF CORE MEMORY 2 (64 s ) 

SECTION I 

44* HRRITE CORE ARRAY 


The 64r ferrite rear array captained in unit 1 1 (fig. 
1—10) it the pnodpi cnmpon r B t of cure memo nr 2 
since it is the uifanmaon Hot age c en t er of this mtnon 
derice. Tha secti o n descries the physical characteristics 
of the femtr core am » shorn the arrangement of its 
cores and ■rspdmj^. and to p r or ide a definition of the 
***** «a*d in the mhaequeat section* of this chapter 

The storage capacity of the 64- ferrite core array is 
equal an i.0% «onb of 54 hies each. Since a single core 
can store one bit of infurnttm, the arras cuotum 
* 54 or 159.264 femtt cores. These cures are ar- 
■ * 5 dimenwnnal array <n which each homon 
^ iaynr nr dgi plane contains 4/196 cores arranged in 
* 64 * 64 sgaare formataon. The 54 digit planes of this 
atssnr see flushed scnacaily. and the X and Y selrcoon 
**dfig a# these piaaes are interconnected to form 
the X and Y fldeaaao windings of the »rm. Actuation 
of the uanene draws asaocxaced »ufi one X and •«» Y 
fldcctane wiadag win tosrualfy afttt the rertscaf column 
of 54 oaaes (one c we m each plane) 'hat represent the 
c l etarf memory Wt oaf. ut these digit 

plana* ant coaaataad to srm c a mplifie rs and digit plane 
d*»**to, only 55 phto can he acarie at any tine The 
***h plane af the assay, sfiidb is iwpwfed to pro»»de for 
the tototonoml aaaae of the arras, as and as a scare 
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plants c present the indi'idua! bits uf the right half 
nenKr. w ord In all cases, the digit plane d risers and 
sense amplifiers associated with the left half-word are 
connected to the digit planes on the left side of the ar- 
ras. Conversely, the digit plane timers and sense atnph 
fiers associated with the right half word are connected 
to rhe digit planes <»n the right side «»f the arras 

1.2.1 X and ▼ Sa t ac t io n W ia d agi 

As noted ui figure ’-9, each X seircti-m winding i> 
wired through a single column of cores, while each ^ 
selection winding » wired through a single row of tores 
■selects > a of a particular core is accomplished bs apph 
trig coincident half -amplitude. re*d-wnte cur tent puhes 
to the appropriate X and Y selection windings (ttc.a 
that link the desired core) in such a directum that the 
resultant magnetic fields will add at the intersection of 
the two windings. As a result >>f thts requirement. and 
because of the manner 10 which the cores ire petitioned 
(fig '-*>). the direction of the read-wnte current puhes 
r**it are ippticvi to an X Y »».lc..« .1 *f ng must be 
of the opposite poiantv < ipptied in the opposite three 
tK».,j when compared with me cwicim ^^>0 Ac: 1— 
applied to the adjacent X ur Y selection windings of a 
mentors plane, finer ail the X and ) current dmers 
produce read-wnte current pulses of the same polarey 
p atte rn (fig 4), the required tntrul of current flow 
in adjacent selection windings is accomplished by can 
necting the current drivers to consecutive selection 
windings on alternate sides of the ittn 

The manner in which the X and Y drivers are con- 
nected to the 64* core arras to pnaiucr the desired re- 
sult is discussed in M Included in t * is a discussion of 
the manner in which the similarly numbered X and Y 
selection winding! of the 54 planes are interconnected 
to form die selection windings of the array. 

1.2.2 MMWhdhif 

The inhibit winding of each active digit plane of 
the 64- ferrite core array is assocated with an individual 
digit plane driver. During the execution of a me mor y 
cycle, each digit plane driver is controlled so that a 
negative current pulse will be applied to cb isstckttd 
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. Because die direction of this wind* 

tag is akenund it nan of cores, the inhibit 

current pulse db 

cxively flown 

in opposite directions 

through alternate 

row* of cores. Since write current 

poises (negative) 

are applied to adjacent Y selection 


winding* in op po sin g diftctktiu, the proper connection 
of the digit plane driver will cause the individual mag- 
netic fields set tip by the inhibit current pulse and the Y 
selection winding write current pulse in each core of the 
selected row o 4 cores to completely cancel each other. 
To illustrate this point, consider the following example, 
which assumes that the digit plane shown in figure 7—9 
r e pr e se nts the topmost plane of the array. Under this 
condition, a read- write current driver will be connected 
to the Y-O selection winding on the right side of the 
array so that the direction of this winding through this 
plane will be from right to left. The digit plan*- driver 
for this plane is connected to pin U of the next lower 


plane. As a rt> of the internal array wiring (jumper 
wires serially connected from pin 11 of the even-num- 
bered plane to pin 18 of the odd-numbered plane), the 
direction of the inhuat winding through the Y-O row 
of cores will be fn .n left to right. Since the Y selection 
winding write current pulse and the inhibit current 
pulse are both of the same polarity (negative), the mag- 
netic fields set up by these two windings will be in op- 
posite directions for each core in the Y-O row of cores. 
The net result is that these two fields cancel each other 
in each of the mutually affected cores. 

Because the X and Y array selection windings are 
formed h serially connecting the similarly numbered 
drive li .s of adjacent planes, the direction of read- 
write current flow in the similarly numbered drive lines 
of adjacent digit planes will always be in mutually op- 
posing directions. To compensate for the effects of the 
winding reversal of the similarly numbered X and Y 
drive lines of adjacent planes, the direction of the in- 
hibit winding must also he reversed in adjacent planes. 
In the 64- ferrite core array, the inhibit winding reversal 
is accomplished by the physical inversion of alternate 
planes of the arrav. To illustrate the manner in which 
this is accomplished, consider the inhibit winding con- 
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nrcisom a i (hr odd-even pair «f pl*»* shewn in figure 
-_9. From the ptr iou t > iwpff. it was determined die 
inhibit «uadw§ of n odd-num bered plane b wound 
through the Y-O row of coco in a left to right direc- 
tion. Thus, foe an even-numbered plane, the inhibit 
winding muse be wound through its Y-O row of cores 
in a right to left direction. Figure "—9 shows that the 
digit plane driver for an even-numbered plane is con- 
nected to pan II of the associated odd-numbered plane. 
As a result erf the internal array wiring (jumper wires 
seriallv connected from pin ll of an odd-numbered 
plane to pan 18 of an even-numbered plane) and be- 
cause the plane b relatively upside down, the direction 
of the inhibit winding through the Y-O row of cores of 
the even- num be re d plane will be from right to left. 

1.2.3 Soum Winding 

The sense winding of each active digit plane is as- 
sociated with a differential input sense amplifier which 
functions io amplify the induced voltages produced by 
the switching action of each core in the plane. As noted 
in figure 7—9. each digit plane has two separate sense 
windings (labeled l and 2) which are connected in se- 
ries by means of internal and external jumper wires to 
form one tong winding. Each individual sense winding 
which passes through half of the cores of the plane fol- 
lows a diagonal path in order to minimize the capacitive 
and inductive coupling between itself and the other 
windings of the plane. The two ends of the sense wind- 
ing (Si and 52) are connected to the differential input 
sense amplifier so that only the induced voltage will be 
amplified. That is, since capacitive-coupled voltages do 
not produce a difference voltage between these two ter- 
minals, they will be rejected by the amplifier. 

1.3 X AMP Y CURRENT DRIVER CONNECTIONS 

The complete 64- ferrite core array contains 34 digit 
planes (of the type described above) and 2 dummy 
planes. Figure 7—10 shows the overall arrangement of 
these planes to form the array and the word bit assign- 
ment of each plane. Although two dummy planes are 
not involved in the array wiring, they are included in 
this figure because they affect the plane identification 
numbering sequence. The two dummy planes do not 
contain any cores or winding and are only used as 
spacers in the array assembly. A study of figure 7—10 
shows that the odd-numbered planes of die array (3, 5, 
7, ... , 35) Me associated with the left half memory 
word, and the even-numbered planes (4, 6, 8 , ... , 36) 
are associated with the right half memory word. Plane 
number 18 as designated the spare plane because, being 
in die approximate center of the array, it requires the 
shortest j umpers (for sense amplifier ami digit plane 
driver c onne ctions) if it b used to replace one of die 
active planes. 


selection of a memory word involves the 
simultaneous application of read-write current pulses 
to similarly addressed corn in each plane, (he iorre- 
sponding X and Y drive lines in each of the 34 planes 
of the array will be involved in the operation. To pro- 
vide a control *•* that one current driver can supply 
read-write currr t pulses to the corresponding X or Y 
drive line of ea-h plane, the similarly numbered X and 

Y drive lire of all the planes art connected in series 
(bv means of jumpers) so that common selection wind- 
ings will be formed. One end of each of the 64 X and 
64 Y selection windings is connected to .» read-write cur- 
rent Hr.ver; the other end of each winding is connected 
to ground through a terminating resistor. In this ferrite 
core array, all the X selection line drivers (64) are con- 
nected to the front and back sides of the array and all 
the Y selection line drivers (64) are connected to the 
left and right sides of the array. Since the input and out- 
put connections of the X and Y selection windings are 
exactly the same, the following discussion will deal with 

Y selection windings only. 

As noted in figure 7—10, the 64 \ line current 
drivers are divided into four equal groups. Each group 
of 16 drivers is contained in a pluggable driver panel 
which is connected to the array in a specific manner. The 
16 Y line drivers of driver panel YA are connected (on 
the right side of the array) to every fourth Y selection 
line of plane 3. starting with line Y-O. Since the simi- 
larly numbered Y lines of each of the 34 digit planes are 
connected in series (by connecting the similarly num- 
bered terminals of adjacent planes on alternate sides of 
the array), of these Y lines will terminate on she 

tight side of plant 36. Tc complete the circuit of each 
of these windings, the issoriated terminals of this plare 
are connected to ground through individual terminating 
resistors and a common 240-ohm resistor and a circuit 
breaker arrangement. 

The 16 current drivers of each of the other Y driver 
panels are connected to the array in a similar manner; 
that is, trie current drivers are connected to one end of 
the array and the associated terminating resistors are 
connected to the other end. Because the Y line current 
drivers are connected to the array in the sequence noted 
in figure 7—10, the direction of read-write current flow 
in the adjacent v lines of each plane will be in mutually 
opposing directions. 

The 64 X selection winding current drivers and 
terminating resistors are connected to the front and 
back sides of the array in exactly the same manner as 
described above. The current drivers contained in driver 
panels XA and XD are connected to the front side of 
the array, to every fourth X selection line, and the cur- 
tent drivers contained in driver panels XB and XC are 
connected to the rear side of the array. 
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SECTION 1 

BLOCK DIAGftAM ANALYSIS 



A aapfiltd Mock dr ay e — of the 64- core memory 
pil«w it Bon in figBR 7 — 11. As noted in the figure, 
vanon iapoc and output pi— and levels are generated 
Aaing Be »>■"*■»<■ of a aaemory cycle. The source and 
of Huu pulses and levels are tabulated in 

table 7—4. 

As indkamd in figure 7—11, the 64 2 core memory 
is divided i wo five sections: the selection section, the 
array scctson, the sense section, the digit plane driver 
section, and the timing and gating section. The memory 
buier ‘*g*" tojr although not exclusively a part of the 
64* m em o ry, is also shown in this simplified block dia- 
gram since it is the only path by which core memory 
can comoaakatt with die rest of the Central Computer 
System. 

The selection section of the 64- core memory is 
co mpo se d of two identical portions, an X portion and a 
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Y porefem. Tkt wlujtkm Hdfai contains f fa f ui— which 
decode mfommmom reoivd f r a m the program counter, 
address Kgutu, ad the IO address ccunter. It also 
< MMm d* memory iddaMt register, the memory gate 
g en erator s, end the 64 X rod 64 Y core memory drivers 
which generate dt mad and write current poises that 
me applied to die selec t ed X and Y lines in the array 
section. 

As previously seated, (he array section contains 33 
active digit plates. Each digk plane contains a sense 
wtmailg and an inhibit winding in addition to the 64 X 
and the 64 Y thrive lines. The sense and inhibit windings 
of cedi active plane me conne c t e d so da sense amplifier 
and digit plane driver aamtdaned with a specific bit of 
the memory buffer register. 

The sense section *"■»««— 33 individual sense am- 
plifiers, one fur each of the 33 active planes. Each sense 
amplifier amplifies the signal picked up from its as- 
sociated sense winding and applies it to a sample gate 
tube which is sensed at the peak of an amplified 1-core 
output rignal The sampling pulse .is developed in the 
timing and gating section and simultaneously samples 
all 33 gate tubes. If a specific gate tube is conditioned 
when it is sampled, the resulting output pulse will set 
die associated memory buffer register flip-flop to the 1 
state If a sense amplifier does not condition its sample 
gate tube, an output is produced when the rube is 


sampled; therefore, the associated buffer register flip- 
flop remains in the 0 state. During the execution of a 
memory store cycle, the sample pulse is inhibited so that 
none of the sample cate tubes can be sensed. 

The digit pitot driver section contains 33 digit 
plane drivers. E»,m digit plane driver is associated with 
a digit plane of die core memory array section and a 
particular flip-flep of the memory buffer register. Each 
individual dri er is conditioned br its associated mem- 
ory buffer register flip-flop and is controlled, to generate 
an inhibit current pulse if the flip-flop contains a 0. If 
a memory buffer register flip-flop contains a 1, the as- 
sociated digit plane driver is not conditioned and there- 
fore not generate an inhibit current pulse. 

The timing and gating section contains the memory 
puise distributor, which is composed of series-connected 
delay lines interspersed with pulse amplifiers to amplify 
the signal between the output of one delay line and the 
input to another. These three types of control flip-flops 
contained in this section are used to generate d c gates 
which control the operation of the other sections of the 
64- memory. These three gates which are obtained from 
the 1 side output of the control flip flops are identified 
as the read gate, the write gate, and the inhibit gate. 
The input pulses which control the setting and clearing 
of these flip-flops are obtained from the mentor, puise 
distributor. 


SECTION 3 

ADDRESS SELECTION 


of the 64 s in wnnt y «|imr from are controlled imultaaeously to select one X and one Y 

which nfonMion is to be rad, or into whic h i nform a- core memory current driver. Since the two portions of 

thm is to he scored, is by the selection sec- the selection section are exactly the same, the following 

tjn p TW un«>nii coataas flip- flop memory address discussion will deal only with selection of an X driver, 

icgjsaer is » of 12 flip-flop. So of these At die beginning of each memory cycle, the memory 

flip-flop and a diode mar * ™ decoder ace associated addres register flip-flop are cleared by a dear-memo ry- 

with *1» X of Che selection *trtian; the other controls pulse from the instruction control element. Ap- 

sii flip-flop and a second thiodrr are astodated with proximateiy 0.6 psec later, new address information is 

the Y portion. The two portions operate sumlarly and transferred to the memory address register from either 









the peggnm oimmk, A> adfaa or the K> 

srtdrm tB— M 12). The ocMput level* from 

bodt Ae l mi 0 mim of five of the flip-flops (bm 
Rio dba t g l i Rl4) ear allied to the diode mams 
decodn; aaf the oe^at of the Mth flip-flop (Ri5) is 
ltd to the b w o wj i got g m t nio f dicuits. The informa- 
doa which the decoder totpe from the five flip-flops 
** deeded la e (fiode oa^tiiu AND dram to select 
one of 32 ovipul Bob. fSee fig. 7—13.) The 31 non- 
tdmel fiM have ao awtput level of ~j-l0V; the se- 
lected fine has an aopo level of — 30V. The selected 
output level is aepflW to partially condition two 
adjacent cote mem ory drivers, one for an even address 
and one for an odd addens. One of these two drivers 
is then farth er w. luw d by the proper memory gate 



The memory gut generators, shown in figure 
7—12, are logical AND circuits, each requiring 
both a d-c level from the sixth memory ad- 
dress register fixp-dop and a read or a write 
gate from the tkehag ami gating section. Four 


6H 3. SEC? 3 

|pte generators are used, two for read- 
ing (read odd, read even) and two for writing 
(write odd, wrift even). 

If the sixth memory address register flip-flop is in 
the cleared state, h? d-c level from its 0 side is at — 10Y 
and conditions the read-even and write-even memory 
gate generators (ng. 7— 14). When pulsed by a read or 
a write or a write gate from the riming ; and gating 
section, these generators activate the read or control 
lines of the 32 even-core memory drivers and came the 
selected current driver to generate a read or write cur- 
rent puL; If the sixth flip-flop is set, it cooditiors the 
read -ode. and write-odd memory gate generators, which, 
in turn, activate the read or write control lines of t he 
32 odd core memory drivers. When these gate generators 
are pulsed by a read or a write gate from the timing 
and gating section, the partially selected current driver 
will generate a read or write current pulse. 

Note 

In the Y selection section, the outputs of bits 
R4 through R8 are supplied to the diode ma- 
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| control section of the 64 3 
mtt -m a noiy pulse from the 
t ype s of m e mor y cycles and. 
memory store cycle, this sec* 


non alto receives the aeMhk-sempie poise from the 
4UUwouo control thMK. The tuning and gating sec- 
den provides the three gate signals and the sample pulse 
to epe eaee the venom portions of die core memory 
in propel sequence. A block diagram of the tuning and 
BP ** ^8 w rt * o c showing typers! tuning notations is shown 
in figure 7—15. 


As shown in figure 1 5 , the start-memory pulse 
is applied to the m e mo ry rime pulse distributor, which 
« * chsia of delay Kims. The start-memory pulse de- 
hfed 0.1 psec is used to see the read-gate generator. This 
is ndnequcutly cleared hy the start-memory pulse de- 
hgod approximately 2.5 usee. The 1-side output of the 


read gate generator, which is a positive pulse, is ap- 
plied to the selection section and determines the timing 
rod durat ion of the read-current pulse that ts supplied 
to the s e l e c te d X and Y driver lines. 

The sample gate generator of the timing and gating 
section differs from the other gate genera con in this 
section in that the 0-side output controls a gate tube 
which is sampled by the sample pulse from the memory' 
time pulse distributor. During a memory readout cycle, 
the inhihit- sample pulse is not generated, and the clear- 
and-sample gate generator remains in the 0 state. In this 
condition, the gate passes the sample pulse to the ser.se 
section approximately 1.9 iisec after the start-memory 
pulse is initiated. During the memory store cscle, an 
inhibit-sample pulse from the instruction control ele- 
ment is supplied to the sample-gate-generator flip-flop, 
setting the flip-flop to the 1 state. Thus, the gate tube is 
deconditioned when sensed by the sample pulse. 








write putelte mAtmematj w pate d teributpt ap- 
prarime te iy 2.7 psec after the start-memory pate is 
initiated and none a dwatefiifrgtatntor (Mite 
a ytt i kmn iy 1.9 pace later. The wwtet output pulse 
from the write-gatt-generatur £p-flop, which is approx- 
i mit rlj 1.9 | i t * f in duratkm, is applied to the selection 
sccobo determines the final and duration of the 
«iae current pulse dan is supplied to the selected X 
and Y driver fines. 

The gets generate*, shown in figure 7—13, 

is mnihr to the read and write gate generators in opera- 


tion and tetkoa The set-inhihit pulse is (Supplied by 
the m e mo ry time pulse distributor approximately 2.3 
psec after the start-memory pulse is initiated: The clear- 
inhibit pulse (from die same source) is received ap- 
proximately 4.8 ttsfcc after the start-memory pulse is 
mittand The l-itde outfwt pulse of the inhibit-gate- 
generator flip-flop is approximately 2.3 itsec in duration 
and overlaps the write-gate-generator output. The in- 
lufact gate is applied to the 33 digit plane drivers; how- 
ever, only the drivers which are conditioned by the 
associated memory buffer register flip-flops can generate 
an inhibit current pulse. 
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SECTION 5 

DIGIT PLANE CIRCUITRY 


Fi|(we 7—16 illustrates the relationship of the 
seme section, the memory buffer regis te r , and the digit 
pi sue driver section, which constitute the digit plane 
circuitry. 

*1 SMK SECTION AND MEMORY BUFFER 

REGISTER 

The sense section of the 64^* core memory consists 
"f M amplifiers and 33 gate tubes, one set for each 
plane of the core memory array. Each individual sense 
amplifier amplifies the output voltages induced in the 
sense winding of the associated plane. 

The output of a sense amplifier — a nonstandard 
pulse which is positive regardless of the polarity of the 
input signal — is applied to and conditions a gate tube 
circuit. If the selected core contains a 1 prior io being 
read out. the gate tube, when sampled, provides the 
standard pulse required to activate the memory buffer 
register. The gate tube is sampled by a standard pulse 
gated sample gate generator The time relationship be- 
tween the sense amplifier output and the sample pulse 
>s adjusted so that the sample pulse occurs at approxi- 
mately the peak of an amplified 1 output signal. Thus, 
if a cote containing a 1 is read out during a readout 
cycle, the sampled gate tube develops an output wh.cn 
sets the associated memory buffer register flip-flop to 
the 1 state. If die core contains a 0, the flip-flop re- 
mains in the 0 state. 

The output of the 0 side of the memory buffer reg- 
ister flip-flop conditions an associated digit plane driver 
in order to provide the necessary control to subsequently 
tc&tote the original content to the selected core. If the 
ft,p * contains a 1 prior to readout, the X and Y write 


current pulses write a 1 buck into the core. However, 
if the core contains a 0 prior no readout, the associated 
digit plane driver is conditioned, resulting in the 
generation of an inhibit current pulse (coincident with 
the X ami Y write current pulses) which prevents the 
writing <•: a 1, thus effectively writing a 0. 

5.2 DMMT PLANE DRIVER SECTION 

The digit plane driver section consists of 33 func- 
tionally identical circuits, one corresponding to each 
active plane of the core memory array. These circuits 
function to supply the inhibit current pulses to the as- 
sociated planes. 

The output of a digit plane driver is a negative 
current pulse having an amplitude of approximately 
400 ma. Because of the inhibit winding geometry, the 
inhibit current pulse has the same effect as a half- 
select current pulse tn the read direction. To inhibit the 
writing of a 1, the inhibit current pulse (effectively 
— f- 1/2 amp) adds algebraically to the X-write current 
pulse ( — 1/2 amp) and the Y-write current pulse (1/2 
amp) to produce an effective field of — 1/2 amp turns 
[( + 1/2) - (-1/2) + (-1 2) = -1/2], 

The input stage of each digit plane driver consists 
of a d-c gate tube which is conditioned by the 0 side 
of the associated memory batter register iiip-flop when 
the selected core contains 1. The other input to this 
gate tube is supplied by the inhibit gate generator, 
which is located in the timing and gating section. The 
output of the d-c gate tube supplies a cathode follower, 
a differential amplifier, and a d-c power amplifier which 
drives the low-impedance, high-current inhibit winding 
of the core memory array plane. 


CHAPTER 4 

TMKMY OF OPERATION Of CORE MEMORY 1 (256*) 

SECTION 1 

1M> mm CORE ARRAY 


The 25<r ferrite core array contained in Unit 66 
1—9) is (he principal component of core memory 
I since it is the information storage center of this mem- 
ory device. This section describes the physical charac- 
teristics of the ferrite core array to show the arrange- 
ment of its cores and windings. This description pro- 
vides a definition of the terms that are used in the 
core memory logic analysis presented in the subsequent 
sections of this chapter. 

The storage capacity of the 256^ ferrite core array 
is cqoai to 65,536 words of 33 bits each. Since a single 
core can store one bit of information, the array contains 
65.536 x 33 or 2.162,688 ferrite cores. These cores are 
arranged in a 3-dimensional array in which each hori- 
zontal layer or digit plane contains 65,536 cores ar- 
rsssgpsd in a 256 x 256 square formation. The 33 digit 
planes of this array are stacked vertically and the X 
and Y selection windings of these planes are intercon- 
nected to form the X and Y selection windings of the 
array. Actua t io n of the current drivers associated with 
one X and one Y selection winding will mutual K .ififect 
the vertical column of 33 cores (one core in each digit 
plane) that represents die selected memory register. 

Each digit plane of the 256* ferrite core array is 
cnospoaed of 16 identical subplanes. Each subplane con- 
tains 4,096 certs arranged in a 64 x 64 square forma- 
tion mid all of die windings required for memory oper- 
ation. Two distinct types of subplanes are used in the 
c on str uc tion of tins array in order to provide for wir- 
ing symmetry. The two types of subplanes are very 
similar and differ only in dm manner in which the 
i nhibit winding is wound. Since each digit plane is com- 
posed of identical subplanes, the 256* array is actually 
composed of two types of digit planes. One type of 
sdbfd a nc is used in the construction of 17 digit planes, 
while the second type is used in the construction of 
the other Iff d^pt planes of the array. 

The detailed analysis of array wiring is presented 
ussder the subsequent headings of this section. This analy- 
sis consists of separate discussions of: die inftmal wir- 
ing of each type of subplane; dm interconnection of 


subpian?' ,n form the two types of digit planes; and the 
inten.o.u.ection of the X and \ digit plane windings 
to form (he X and Y selection windings of the array. 

1.2 SUBPLANE WIRING 

The two types of subplanes used in the 256- ferrite 
core array are similar in that each contains 4.096 cores 
in a 64 x 64 formation and all the windings necessary 
for memorv operation. Figures 7—1 and 7—18. respec- 
tively, show an abbreviated version of each type of 
subplane using 16 cores in a 4 x 4 formation. A com- 
parison of the two figures reveals that the only differ- 
ence between the two types of subplanes is that in the 
Type 1 subplane the inhibit winding is wound parallel 
to die X windings, while in the Type 2 subolane the 
inhibit winding is wound parallel to the Y windings. 

1.2.1 X and Y Selection Windings 

As noted in figures 7 — 17 and 7 — 18, each X selec- 
tion winding is wired through a single row of cores, 
while each Y •■election winding is wired through a 
single column or cores. In e.cher type of subplane, 
selection of a particular core is accomplished bv apply 
ing coincident half amplitude, read-write current pulses 
to the appropriate X and Y selection windings (those 
that link the desired core) in such a direction that the 
resultant magnetic fields will add at the intersection 
of the two windings. As a result of this requirement, 
and because of the manner in which the cores are 
positioned (refer to figs. 7—17 and 7 18), the direc- 
tion of the read-write current pulses that are applied 
to an X or Y selection winding must be of the oppo- 
site nolarity (applied in the opposite direction) when 
compared to the current pulses that are applied to an 
adjacent X or Y selection winding. Since all of the X 
and Y current drivers produce read-write current pulses 
of the same polarity pattern (fig- 7—4), the required 
reversal of current flow in adjacent s elect i o n win d in g s is 
accomplished by connecting read-write current drivers 
to consecutive selection windings on alternate sides of 
subplane. The manner in which the X and Y driv- 
en are connected to the 256- core array to produce 
the desired result will be discussed in 1.4 of this section. 
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IAS IMHVWkp in opposite directions through adjacent cows or columns 

The hhiit «W^ of eeeh - k | J — « of the 254 s of cores. Since write -current pubes (negative) are ap- 

fucke ait array is Modttcd with a digit plane driver plied to adjacent X and Y selection windings in op- 

(D®*D). Dnhg 4e camion of a memory cycle, the posing directions (for berth types of subplanes) the 

iiiMiridf il DVD is "«■«— so chat an inhi bit-current proper connection ut the DPD will cause the individual 

poise (negative) wall be aff ile d to the fh pla«» inhibit magnetic fields to he set up by the inhibit -current pulse 

windwg (during the note jmniaa of the cycle) if it is and the selected X end Y write-current pubes (in each 

t eq uat e d to inhbit the writing of a 1 in the tfW * core of the selected row and column of cons). In each 

cote of the subploue. type of subpiane. ail of the nonseiected cote a are affected 

As noted io jjjnm 7—17 and 7—18, the !«*»;»«> by the inhibit current pulse in exactly the same man 
w i nding of cadfe type of subpiane consists of a single oer - 

wimfing which is w oofri all of the cons of 

the anbpiane in pmrntM with either the X or the Y 123 5,nse Winding 

selerrinn wndiop. AUn^h die two inhibit windings The sense winding of each subplane of the array is 

differ in wiring configuration, they both perform ex- associated with a differential input sense amplifier which 
aetty the same function in that they each affect the functions to amplify the induced voltages that are pro- 

subplane cores in exactly the same manner. Reference duced by the switching action of each core in the sub- 

to dm two figures shows that the direction of the inhibit plane. As noted in figures 7—17 and '—18, each sub- 

winding is alternated in adjacent rows or columns of plane has two separate sense windings, labeled 1 and 2. 

cotes; therefore, the inhibit current pulse effectively flows (In the digit plane, these individual w indings are con- 
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meem& in fffia fay «««■ of haemal sod annul 
jenpt «aa to loan one long wading.) End* windiag 
f irun through half of the cores of the w b phw follow- 
kg diagonal pain in order to die capacitive 

as*! inductive cmplmg between itself and the other 
windings of the suhplanc. 
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At prevhMofty stated, each 296 s digit plane b com- 
posed of 16 idrnriral sabpbnss. The arrangement and 
iasMtm mttinw of these subplane* to form the two types 
of dpt planes axe shown in figures 7—19 and 7—20, fold- 
<n& A* noted, the 16 subpiaaes of each digit plane 
axe n um b er ed from 0 to 17 in octal notation. Since 
the vubplanes of each digit plane are interconnected 
in the same manner, the following discussions are ap- 
plicable to both types of digit planes. 

1.3.1 Selection Windings 

As shown in figures 7 — 19 and 7 — 20, the 64 x 64 Y 
baa of each jubpiaoe are connected to the sbnilarh 


lines of adjacent subplanes. In this manner, 
each of the X and Y lines becomes a continuous wind- 
ing through the entire digit plane. < 

132 Inhibit Wit-Hogs 

As noted in figures 7 — 19 and 7 — 20, the inhibit 
windings of four < cbplanes in a row are connected in 
series to form one *>.adng. As a result, four such inde- 
pendent windings are obtained, one for each t|f the four 
inhibit npoos into which the digit plane is di> ided. The 
four inhibit region windings of each digs plane are as- 
sociated with i ndividual DPD’s. These drivers are con- 
trolled so that inhibit current, if required, is only 
generated ;r. the inhibit region which contains the se- 
lected core. The subplane groups which comprise the 
four inhibit regions of a digit plane are tabulated in 
table 7—5. 

As shown in figures 7-19 and ~-20, the subplane 
feedthrough wires (internally connected between pin 65 
on the left and right sides) of each inhibit region are 
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also connected in sens to Com a long wire. This feed- 
through wire b connected so the inhibit region w inding 
on one side o i (he digit plane (jumper between pins 
64 and 65) so that the DPD input and terminating 
connections can both be made on the opposite side of 
the digit plane. 

The external connections to the inhibit region wind- 
ings readily identify the digir plane as being in either 
the left or ngbt half-word. For example, figures 7—19 
and 7-20 both typify a digs plane of the left half-word 
because the input and termaaring connections (pins 64 
and 65) for the inhibit regsoo w indings are located on 
the left side of the plane, while the feedthrough and 
inhibit wiadiqp are jumpered together (pins 64 and 
65) on the right side of die plane. Conversely, the 
inhibit winding input and terminating connections for 
right half-word planes (nor shown) are made on the 
right side of the dig it piaaes. while the feedthrough 
and inhibit windings are tampered together (pins 64 
and 65) on the left side of the plane. 

Because the X and Y array selection winding, are 
formed by serially c o nn ecti ng the similarly numbered 
drive lines of adjacent digir planes, the direction of 
read- write current flow in the similarly numbered drive 
tine* of adjacent digit planes will always be in mutually 
opposing dhecuons. Since the inhibit-currem pulse must 
- always oppose the write-current pulses that are applied 
<o the selected X and Y windings of e<*ch d ; git plane, 
the threcrion of the inhftir winding must also be re- 
versed in adjacenr digit planes. The required reversal 
in the inhabit winding direction of adjacent planes is 
accomplished by alternately connecting the DPD (asso- 
ciated with each digit plane) to pins 64 and 65 for each 
successive digk plane of the array. To illustrate the 
manner in wfaidi these c onn ections are made, the fol- 
lowing discussion refers to figure 7-2 1 which indicates 
fi*s overall arr ange ment of the 33 digit planes of the 
army. Since the DPD's associated with the left half-word 
etc all c onnecte d to die fair side of the array, each 
DPD of the topmost or parity plane will be connected 
to pin 64 on d he left ride off the plane. DPD of 
die tuna lower or LS plane will be connected to pin 
65 on the left side of the plane. This alternate pattern 
is repeated for the remainder of the left half-word with 


the result that each DPD nf the L15 plane will be con- 
nected to pin 64 on the left side of the plane. Since 
the DPD’s associated with the right half word are con- 
nected to the nsir.z side of the array, each DPD of the 
RS plane will be connected to pin 64 on the right side of 
the plane The ernate pattern of connecting the DPD’s 
is resumed for each success!' e digit plane comprising 
the remainder of the right half-word. 

1 .3.3 Sense Windings 

As noted in figures 7 — 19 and 7 — 20, the subplanes 
of es*ch digit plane are grouped into four sense sections 
with fe ir subpianes in each section. The sense windings 
in th-’ 'our subplanes of each sense section are connected 
in a s*,jes parallel arrangement to provide common 
output points. These common output point' are con- 
nected to the from side of the digit plane by means 
of the vertical twisted pair wires that were added to 
the subplanes of inhibit regions 0 and 1. 

The grouping of subplanes to form the four sense 
sections of the digit plane is shown in table “—6 As 
noted, sense section A consists of subpianes 2. 5. K>. 
and 1'. The sense windings of subpianes 5 and 10 are 
connected in series, and the sense windings of subpianes 
2 and 1' are also connected in series. These two series- 
mnnecred groups of windings are connected in parallel 
(by means of the twisted pair wires in subpianes C- tnt! 
1) to supply one input to the associated sense amplifier. 
The winding connections for sense section A may be 
traced on figures -T — 19 and 7—20. 

Pin 69 at tiae ba*.k of subplane 1 is connected to 
pin 69 on the left side of the jumpered connection 
into subpiao* 3. ;hft; :hr—:gb v*r>>e wind-ng 1 of sub- 
plane 5 and sense winding i of subplane 10 to pin 69 
at ‘ront of subplane 10. Pin 69 i, * s pin o# 

From pin 68 the path goes through sense winding 1 of 
subplane 10 and sense winding 5 of subpiane 5 to pin 
68 at the back of subplane 1. The series connection of 
the sense windings of subpianes 2 and 17 is similar to 
that for subpianes 5 and 10 with the addition of the 
twisted pair connecting link running through subpianes 
2. 6, 12, and 16. 

From pins 68 and 69 at the back of subplane 1, 
the series-parallel connected subplane sense windings 

TABLE 7-6. SUBPLANE GROUPING IN 
SENSE SECTIONS 

SENSE SECTION SUBPLANES 

A 2,5, 10, 17 

B 3,6,11,14 

C 0,7,12,15 

D 1,4,13,16 
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«t connected through twisted pair links in subpianes 
1 tod O co pin 66 and 67 ac the front of subpiane 0. 
These trnonili are die exteml connections of the 
sense sccboa A sene windings. 

The c onn ec tio n of the sene windings of die other 
sense sections is similar to that just described for section 
A. S ig ne ts from the four sense sections of one digit 
plane are applied to the f am input preamplifier channels 
of one sense amplifier. Then, as a result of this wiring 
scLetoe, a aopr sen s e n^rfifo can detect and amplify 
the output signal from any core in a digit plane. 

The 256 s ferrite core array, which contains a total of 
33 digit planes, is composed of 16 Type 1 digit planes 
and I? Type 2 digit planes. Figure 7—21 indicates the 
overall arrangement of thee digit planes by identifying 
the bit dengs^n of each digit plane of the array, and 


the inhibit r^joos and sense sections of each digit 
plane. Although not noted in the figure, the 17 odd 
planes (parity, Ll, L3, . . R15) of the array belong 

to the Type 2 groi^- of planes, and the 16 even planes 
(L5, L2, L4, . . . R'«4) belong to the Type 1 group of 
planes. 

1 4.1 interconnection of X and Y Selection 
Lines 

Selection of a memory register involves the simul- 
taneous application of read-write current pulses to the 
similarly addressed core in each digit plane. Therefore, 
the corrc* . ending X and Y drive lines in each of the 33 
digit plai.es of the array will be involved in the opera- 
tion. In order to provide a control so that one current 
drive can supply read-write current pulses to the cor- 
responding X or Y drive line of each digit plane, the 
similarly numbered X and Y drive lines of all digit 
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(by means of jumpers) 
will be formed. One 
' 2 56X and 256Y se l ect i o n windings is 
idwtnr c ur re nt driver; the other end 
is connected to ground through a 
la this ferrite core array all of the 
X selection Bne drivers (256) are connected to the left 
and right sides of the array while all of the Y selection 
line driven (256) act r unwi nd to the front and rear 
sides of (he aeray. la each ewe, die selection line drivers 
are connected to the parit y plane while the selection 
line fffminail ng resistors ate connected to the bit Rl5 
plane. Since the input and output connections of the X 
and Y seketiua windings are exactly the same, the fol- 
lowing (fa cmao n will deal with the X selection wind- 
ings only. 


The 256 X read - w rite current, one for each X 
selection fine, are c on nec te d to the array as shown in 
figure 7—22, As noted, current drivers for even num- 
bered snhpiawr fin es (0, 2. 4. etc.) are connected to the 
even num b er ed pans on the right side of the parity 
plane. The even nu mber ed (fins on the left side of the 
parity phot are jumpered to similarly numbered pins 
on the left ode of the bit LS plane, the bit LS plane 
is similarly connected to plane Ll on the right side of 


the array, «c Alternate planes are similarly connected 
to include the 33 planes of the array. The terminating 
resistors for these even numbered lines are connected to 
the left side of the bit R15 plane and mounted on the 
lower left side of the array. 

As noted *e figure 4—6. drivers for odd-numbered 
subplane lines v l. 3, 5, . . . 63) are connected to the 
odd-numbered pins on the left side of the parity plane. 
The odd-numbered pins on the right side of the parity 
plane are jumpered to similarly numbered pins on the 
right side of the LS plane. Alternate planes are simi 
larlv connected to include all 33 planes of the array. 
The t*-*minaring resistors for these odd-numbered lines 
are ">.r. netted to the right side of the Rl5 plane. 
These terminating resistors are mounted on the lower 
right side of the array. 

The Y selection windings are connected on the 
front and back sides of the array in exactly the same 
manner as described above. The even-numbered \ line 
drivers are connected to the e'en-numbered suhplane 
pins (0, 2, 4, etc.) on the front side of the paritv plane, 
the odd-numbered Y line drivers are connected to the 
odd-numbered subplane pins ( 1 , 2. 3, etc.) on the rear 
side of the parity plane. The terminating resistors for 
even-numbered Y lines are mounted on the lower rear 



figure 7—22. front View of 256* Ferrite Coro Array 
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defy m the sc k ct i o n -i ia e-carrent poises effects the 
anar rtdoof t uning, vset ell of the selected cotes are 
not being ewitrted at the same rime. For optimum re- 
sults, when a core if switched, the sense a mp li fi er output j 
is at a —»i«riani To meote optimum results the sensei 
» mpKf. » rt its grouped to be sampled progressively. 
Figure 7 —2 i i ndica tes the sample timegrouptng of the 
digit of die array. The rime difference between 

(hfH «— <* group sample pulse* is approximately 0.04 : 
nsec. 




A block w of the 2VP mmmry b shown in 

&gate 7—2 % Am rnmd m chb figure, the 256- memory 
a dmded into five wttioi«: the selection section, the 
emusf ercrimi, Ac waaae seedee, the DPI ) section, and 
the toning end gbbg secdom Figure 7 -25 also includes 
the MBR since kefir only path by which information 
can be tra nsf erred aneo or out of the memory. Thb 
«g b cer it not a pan of the 296 s memory since it per- 
forms a common fanmm for all three of the computer 

Normal opcnmmt at the 256- memory consists of 
transferring inf orma tion into or out of specific registers 
of the core array. As a remit, two specific types of 
memmey cydes aae pmsdrie; Le. y a readout cycle during 
which old infamnwi is obtained from selected cores. 


and a store cycle during which new information is 
stored in the selected cores. 

The following sequence of events occurs dining 
execution of a readout cycle: 

The desired address information is transferred 
to the selection circuits tc condition the desired 
X and Y line drivers. 

b. A start memory pulse is generated. 

c. The MBR is cleared to prepare it for the subse- 
quent information transfer. 

d. Read-current pulses are applied to the selected 
X and Y lines to switch all of the selected cores 
to the 0 state. 
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«, A sanple pfae b gnmted to sample tht output 
of the seme unpfihen. Individual outputs me 
used to set associated bits of the MBR. 

f_ Write-curreat pulses ace applied to the selected 
X and Y lines to rewrite the information just 
read out. An inhibit-current puke is applied to 
selected inhibit region of each plane, if required 
to prevent the writing of a 1 in the selected core. 

g. The mem or y s el ect io n circuits are reset to pre- 
pete them for the next memory cycle. 

The following sequence of evens occurs during 
r irru ri nn of the score cyde: 

a. The dericad address information is transferred 
to the selection circuits to condition the desired 
X and Y line driven. 

h. A start-memory pulse is generated. 

c. The MBR is cleared. 

d. New information is transferred to the MBR 
from an external source and an inhibit-sample 
pulse is g e nera t e d. 

e. Read -current pulses are applied to the selected 
X and Y lines to switch all of the selected cores 
to the 0 state, thus in effect erasing the old 

ffPfftyny 

L Write-otrrent pulses are applied to the selected 
X and Y lines to write the new information into 
die selected cores. An inhibit-current pulse is 
applied to the sele ct e d inhibit region of each 
plane, if required to prevent the writing of a l 
in the wlertrd cnee. 

g. The m emory selection circuits are reset to pre- 
pare them for the next memory cycle. 

Aoeaaliy, d uring the operation of the 256-' memory, 
a dried type of me mo ry cycle is possible, namely, the 
memory not se le cted cyde. The only operation per- 
formed so the 2VP memory during such a condition (i.e„ 
a machine cyde is ex ec ut ed but does not select the 256* 
memory) Is that the m emo r y selection circuits are reset 
to peepuse them for the next memory cyde. 

At noted above, rim operations performed (hiring 
the e xecution of richer a readout cycle or a store cycle 
arc very similar, the only difference being that in the 
readout cyde a sample puke is generated, while in the 

I store cyde, the MBR k loaded from an external source, 
finer the two cycles ace similar, the following analysis 
of ffgrne 7—23 will he based on a readout cycle. This 
analy si s will not drums the various tuning details mice 
I the informatio n is covered k subsequent sections. 

f At TP 0 , the conte nt of the program counter, ad- 

drum r e gist e r, or lO address counter, which specifies dee 
| d esir e d memory ad dress, is tra nsferred to the MAR 
(which were reset during the preceding memory cyde), 

| four hits of information being transferred to each nf fhe 


four selection circuit groups. The portion of the desired 
address contained in each selection circuit group is then 
decoded to condition one of its 16 tape core drivers; thus 
one tape core driver is conditioned in each of the four 
selection circuit groups. 

Abo at TP 0 , a clear-memory -controls pulse (row 
TP 0) is ajjpfc J to a 1.5-psec delay line in the timing 
and gating section. If the 256* memory is not selected 
for operation, then this delayed pulse will be gated to 
clear the MAR to prepare it for the next memory cycle. 
If die 2Mr memory is selected for operation, then this 
delayed TP 0 pulse is suppressed and the MAR is 
cleared carer in the memory cycle by a delayed start 
memory i pulse 

If the 256-’ memory is selected for operation, then a 
start-memory- 1 pulse is generated at approximately TP 
0 -f-0.4 usee and applied to the riming and gating sec- 
tion. This pulse is applied to the memory pulse distrib- 
utor (delay line clock) and also sets the Xv and Yv 
read gate generators. The output levels of these read 
gate generators are applied to their associated selection 
circuit groups to activate the conditioned tape core 
driver in each group. As a result, a read current pulse 
is generated on one of the 16 Xv and one of the 16 Yv 
matrix selection lino to partially select one line of 16 
tape coro in each tape core matrix. 

Note 

The tape core matrix contains 256 tape cores 
connected in a 16 by 16 square formation. 
Selection of a specific core is based on the 
coincident current principle. However, because 
the corec .’.re affer»e«. Hy a biasing current (a 
separate biasing v-ioding is used), the selected 
tape core will generate a positive output when 
the coincident read-current pulses are applied 
and a negative output when the read-current 
pubes are terminated. Details of tape core se- 
lection together with a discussion of the re- 
sultant output pubes are contained in Section 
3 of this chapter. 

If the 256- memory is selected for operation, then 
the remaining internal operations are controlled by de- 
layed-start-memory-control pulses which are obtained 
by tapping the delay line at various points. The first 
dock pulse is used to set the Xu and Yu read gate 
generators to initiate a read-current pube on the se- 
lected Xu and Yu matrix selection lines. Since the Yv 
and Vv read gate generators have already been set, coinci- 
dent read-current pulses are applied to one U and one 
V selection line of each tape core matrix. The tape core 
at the intersection of the selected U and V lines is 
switched to produce a positive output current puke of 
sufficient amplitude and duration to read half select the 
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dto reed gate gene r a tors, 
p ulse s applied to the to 
nmtrsces- Termination of 
the two selected tape cores 
to be switch e d back to their origi- 
, negative output current 
amplitude and duration to wnte half 
the lines (one X and 

a e the two current pulses are 
the ferri te cores at the intersection 
Y fine will be switched to the 1 


sam. However, the outputs of the MBR combined with 
the frddhir gate generator output are used to control 
die action of the 33 DPD’s associated with the setected 
to bait region of the array. If a particular bit of the 
original memory wrd contained a 0. the associated mem- 
ory buffer flip-flop will contain a 0. Under dm cooth- 
don the associated DPD will generate an inhibit^irreot 
pobe in die seheted inhibit region of the array. Since 
the inhibit-current pube is timed to actually overlap the 
write-current pubes applied to the array, the selected 
owe of die a«sodated plane will not be switched to the 
1 «*■» » but will remain in the 0 state. 

During the latter portion of the memory cycle, a 
duck rube is used to reset the memory address register 
(each selection rircuit group contains 4 of the MAR 
flip-flops) in preparation for the next memory cycle. 
SSnrii the output levels of the MAR are only used during 
the first half of the memory cycle (to specifv which 
tape core drivers are to be activated), this reset actson 
does not affect the remaining internal operations of the 
memory cycle being executed. 


SECTION 3 
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selected by a 
core is defined 


(MAR) of the 296 s 

the selec ted memory 
previously identified (refer to Part 4 
> a 16-bit register consisting of bits RS 
the dips plane used in this memory 
256 by 256 array of cores, which are 
coincident c ur re n t method (die selected 
as the core at the intersection of mutually 
perpe n dicular X and Y drive lines), the MAR content 
actually s p ec i fi e s one X and one Y drive line to select 
the desired core. Because the digit plane is symmetrical, 
the 16 binary bits of the MAR are divided into two 
equal groups, bits RS through R7 and bits R8 through 
RI5. These two groups of binary bits are used to specify 
the selected Y and X drive lines respectively. Since the 
MAR content is usually designated by a 6-digit octal 
cumber, a cim version scheme is employed to convert the 
octal address designation into a short symmetrical sys- 
tem of X and Y drive line designation. 

As shown in figure 7—24. the MAR bits have been 
relabeled according to an X and Y notation, and re- 
grouped io form two 3-digit numbers, based on an octal- 
qusdral system of notation. The first two digits of 'ach 
of these numbers are in octal notation (radix of 8), 
and the third digit is in quadral notation (radix of 4). 
To determine the X and Y line octal-quadral designation 
(ocquad) of am octal address, or vice versa, the binary 
equivalent of die given number must be regrouped to 
form dm six digits of the desired notation. 

Example: 

Octal Address 0 1 2 3 4 5 

Binary Equivalent 00 0 1 0 1 0 0 1 1 1 0 0 1 0 l 

Octal- Quad r ant Equivalent 0 5 0 7 1 1 

Y X 


Since the third digit of a 
rat) number represents 
value of drie 


ocquad (octai-quari- 
binary bits, the 



is 


relope e cany ther is 


digit is 3. If a 1 
ending in 3, due 
the third digit 
I to the 
2 . 


SELECTION 

Example: 

543, -f- S = 550 'urqMhli 

In all canes, numbers to be added to an ocquad 

number must also be in ocquad notation. 

> noted in figure 7—24, the physical X and Y 
drivfc hnes of each subplane are no longer referenced 
to the individual subplanes rather, for addressing pur- 
poses, the X and Y drive lines are numbered in consecu- 
tive decimal order from 0 to 255. It should also be 
noted (from the ocquad designation shown for the as- 
sociated physical lines) that consecutive X lines are 
contained in consecutive inhibit regions, and consecu- 
tive Y lines ace contained in consecutive columns of 
subplanes. The relationship of the physical line notation 
to the ocquad line designation obtained from the octal 
address designation is shown in table 7—7. Since the 
MAR i$ grouped in a symmetrical system the table 
is applicable for both X and Y line designation. 

In using the table to determine the physical line 
specified by an ocquad number, the least significant 
digit (3rd) of the ocquad number should be exam- 
ined first to pin-point the applicable columns as follows: 


CONTENT OF 

PHYSICAL LINE 

3RD DIGIT 

CCLJ.Y.NS 

0 

1 

1 

2 

2 

3 

3 

4 


Since the first two digits of the ocquad numbers 
in eacn pair of columns are listed in consecutive order 
from 00 to 77, a brief search will yield the desired 
results. 

Example: 

Ocquad number 612 = physical line 177 

The third digit of the example specifies that the ocquad 

number is contained in column 3 of table 7-7 

Reference to the table shows that the ocquad number 
«p»rifiw physical line 177. 


PHYSICAL LINE 


Siii'iiMUd by fiat iiwti^mg 

U within die nhimJ sub- 
7—24 shows dot die indi- 


ddnil uibpUr^« within » dgji plane are numbered 
in consecutive octal order from 0 ikraagh l 7 . It should 
dw be noted Hut the third digit of the X line ocquad 
designation is d»ap the same within an inhibit region, 
and the third digit of the Y line ocquad designation 



jr 

N w 

KS* 

rt *o 

OCTAL -QLADRAL 

8 o 


O O 

H 8 O 

• K 

K 

tteSSGHX&QH 

ss 

& 

ss 


11 

PHYSCAA. Ltm. 

loam 

771 773 

1002773 

772 773 J 003 773 

773 773 | 



I 000 OSS 


770003 001 003 


OOO 77* 770 772 

(JU 772 771 772 

2 

6 

ooooa 


ooo see 770002 

001 002 771 002 

000 TTS 770 771 

OCX 771 771 771 

1 

5 

OOO 0H 


ooo oa 770 001 

001 001 77, 001 

OOO 770 770 770 

001 770 771 770 

0 

4 

ooo ao 


000 OOO 770 000 

001 000 TTt 0001 


TT < 00? 003 Op; 7~3 002 
TT2 77 1 003 771 7T3 77! 


mooi loos oo 


7T3 

77! 

15 


773 

001 

773 

770 

14 


T-3 

000 


INHIBIT 

REGION 

w 


INHIBIT 

REGION 


INHIBIT 

REGION 

S 


immst 1- 

REGION 

R 


note: 

The OCTAL NUMBER IN THE CENTER OE EACH 
BOX IDENTIFIES THE SUB-PLANES 
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x-r 

AM 

i! 

X-Y 

OCOUAD 

AM 

PHYS 

UNI 

X-Y 

OCCUAO 

AM 

PHYS 

UN8 

X-Y 

OCOUAD 

AM 

0 

000 

64 

001 

128 

002 

192 

003 

1 

010 

65 

Oil 

129 

012 

193 

013 

2 

020 

66 

021 

130 

022 

194 

023 

5 

030 

67 

031 

131 

032 

195 

033 

4 

040 

68 

041 

132 

042 

196 

043 

5 

050 

69 

051 

i ' % 

052 

197 

053 

6 

060 

70 

061 

134 

062 

198 

063 

7 

070 

71 

071 

135 

072 

199 

C3 

8 

100 

72 

101 

136 

102 

200 

103 

9 

110 

73 

111 

13 7 

112 

201 

113 

10 

120 

74 

121 

138 

122 

202 

123 

11 

130 

75 

131 

139 

132 

203 

133 

12 

140 

76 

141 

140 

142 

204 

143 

13 

150 

77 

151 

141 

152 

205 

153 

14 

ISO 

78 

161 

142 

162 

206 

163 

15 

170 

79 

l’l 

143 

172 

207 

173 

16 

200 

80 

201 

144 

202 

208 

203 

17 

210 

81 

711 

145 

212 

209 

213 

18 

220 

82 

221 

146 

222 

210 

223 

19 

230 

83 

231 

147 

23* 

21 1 

233 

20 

240 

84 

241 

148 

242 

212 

243 

21 

250 

85 

251 

149 

252 

213 

253 

22 

260 

86 

261 

150 

262 

214 

263 

23 

270 

87 

271 

151 

272 

215 

273 

24 

300 

88 

301 

152 

302 

.216 

303 

25 

310 

89 

311 

153 

312 

217 

313 

26 

320 

90 

321 

154 

322 

218 

323 

27 

330 

91 

331 

155 

332 

219 

333 

28 

340 

92 

341 

156 

342 

220 

343 

29 

350 

93 

351 

157 

352 

221 

353 

30 

360 

94 

361 

158 

362 

222 

363 

31 

370 

95 

371 

159 

372 

223 

373 

32 

400 

96 

401 

160 

402 

224 

403 


(cant'd) 


!l 

X>T 

AM 

18 

X-Y 

OCQUAO 

AM 

PHYi 

UNS 

X-Y 

OCQUAO 

AM 

8HYS 

UNf 

X-Y 

OCQUAO 

AOS 

33 

418 

97 

411 

161 

4t2 

225 

413 

34 

420 

98 

421 

162 

422 

226 

423 

33 

438 

99 

431 

163 

432 

22 7 

433 

36 

440 

100 

441 

164 

442 

228 

443 

37 ' 

430 

101 

451 

165 

452 

229 

453 

38 

460 

102 

461 

166 

462 

230 

463 

39 

470 

103 

471 

16~ 

4 7 2 

231 

4 7 3 

40 

300 

104 

501 

168 

502 

232 

503 

41 

310 

105 

511 

169 

512 

233 

513 

42 

520 

106 

521 

170 

522 

234 

523 

43 

530 

107 

531 

1 71 

532 

235 

533 

44 

540 

108 

541 

172 

542 

236 

543 

43 

550 

109 

551 

173 

552 

23“’ 

553 

46 

360 

no 

561 

174 

562 

238 

563 

47 

570 

111 

571 

175 

5 T 2 

239 

5 7 3 

■, 48 

600 

112 

601 

176 

602 

240 

603 

49 

610 

113 

611 

1 7 7 

612 

241 

613 

50 

620 

114 

621 

178 

622 

242 

623 

51 

630 

115 

631 

179 

632 

243 

633 

'Sij;'- 

52 

640 

116 

641 

180 

642 

244 

643 

53 

650 

117 

651 

181 

652 

245 

653 

• W r - ' }4 

668 

118 

661 

182 

662 

246 

663 

55 

670 

119 

671 

183 

6 7 2 

24~ 

67? 

36 

708 

120 

701 

184 

702 

248 

703 

37 

710 

121 

711 

185 

712 

249 

713 

' 38 

720 

122 

721 

186 

722 

250 

7 23 

. >, 59 

, : V. 

730 

123 

731 

187 

7 32 

251 

733 

68 

740 

124 

741 

188 

742 

252 

743 

> Y * ’ v '■ 

6i 

738 

125 

751 

189 

752 

253 

753 

62 

760 

126 

761 

190 

762 

254 

763 

63 

770 

127 

771 

191 

772 

255 

773 


a 


turn 

* « 

3m- If rtity idwdiw Che binary 

eqmnltm of the thud and oxtb digits of (he ocquad 
addttm Them two ocquad fj p n , whkh 

cn«io of MAM bits Y„ Y„ X„ tod X_ a« regrouped 
wteihefafigitof the octal subptane design iri on is 
ipcdfaf by the content of fait Y„ while the second digit 
is iprrifitd by the stun of hits Y«, Xj, and X#. Table 
7—8 fan itnf fay frl f to stleit each 

of the 16 anbplanes. Son* thr 6m two digits of the X 
M «wl y l«» pcquad designation consecutive physi- 

cal X and Y lanes (in octal notates) within a subplane, 
it is only necessary to d eter mi ne which subpiane is se- 
lected in order to completely identify the selected X 
»nd Y tfaise ttnes. The followbtg example will serve to 
illustrate dm fact. 

Ocqnad address 123 431 

Binary equivalent of third and 1 101 

tiilh tfigiw 

Ocquad equivalent of third and 15 

sods digits 

Thus, ocquad address 123 451 selects the core at the 
iawrwrtina of Y = 12, R> (10, „) and X = 4-5* 
(37 :# ) of subplane 15 s . 


TABU 7— S. SUBPLANf SBJCTION 


MAX 

r. 

BIT GROUPING 
r. X, X, 

SELECTED SUBPLANE 
(OCTAL) 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

1 

0 

2 

e 

0 

1 

1 

3 

0 

1 

0 

0 

4 

e 

1 

0 

1 

5 

0 

1 

1 

0 

6 

0 

1 

1 

1 

7 

i 

0 

0 

0 

10 

l 

0 

0 

1 

11 

i 

0 

1 

0 

12 


0 

1 

1 

13 

i 

1 

0 

0 

14 

i 

1 

0 

1 

19 

i 

1 

1 

0 

16 

i 

1 

1 

1 

17 
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Nnmhm added to or subtracted from an ocquad 
number must of necessity be in ocquad notation. Thus, 
if it is desired to add the nfn register content to a 
memory address specified in ocquad notation, it is 
necessary to 6r» convert the index register content into 
ocquad nutattuA In p ei fo r m ing the actual addition, it 
must be noted Aar the third and sixth: digits of the 
ocquad number are actually in quadrat notation (radix 
of 4); t h ere for e, the maximum number that can be 
expressed by these digits is 3 If this value is exceeded 
during the addition of quadra 1 digits, a 4 is subtracted 
from the digit sum to develop a carry of 1 to the next 
most significant digit. The numerical difference represents 
the vaiue of the quadral digit. When subtracting ocquad 
numbers (e g., modification of the index register content 
by the index interval), these same precautions must be 
observed. The following examples serve to illustrate the 
addition and subtraction processes. 




OCTAL 

NOTATION 

OCQUAD 

notation 

(1) 

Memory Address 

0.03163 

012 M3 


Index Register 

0.01234 

002 4~0 


Sum 

0.04417 

021 033 

(2) 

Index Register 

0.01234 

C02 


Index Interval 

0.00452 

001 122 


Difference 

0.00562 

001 342 


3.2 ADDRESS SELECTION CIRCUITS 

The address selection process consists of decoding 
the contents ot the memory address register and de- 
te-mining, on the basis of the information thus ob- 
tained, which X line and which Y line in the ferrite 
core array is to be driven in the subsequent reading 
and writing process. When read- and write-current 
pulses are applied to the selected array lines, the read 
and write processes take place in the cores of the se- 
lected address: that is, in the cores at the junctions 
of the selected X and Y lines. 

3.2.1 Block Diagram Anal ysis 

A simplified block diagram of the 256 2 memory 
address selection and X-Y driving circuitry is shown 
in figure 7—25. As noted in the figure, the MAR 
content — which is transferred from either the program 
counter, address register, or IO address counter — is 
decoded by four groups of selection circuits. Two of 
these circuit groups are used to drive the U and V 
selection liats of one tape core (CCD) matrix. Each 
circuit group decodes four bits of the address to select 
one of its 16 switch driven (SWD). When a read-gate 
iigwl is applied to the associated current regulator 
(CR), die s el ec t e d switch driver delivers a current pulse 













CI4SU 


r -» r , nom^amA coodfeio m, the U and V winding* 

■in n iad — d efae bam Add will cause the owe 

to —tie at point A of the hjstofai loop. If a tape core 
a half due a, if "ri me the U or V aiainp is 

energized ring iy . the a— *1— «t field will cancel the bias 
and the coce will a potat BL Since oaky a rela- 
o«ctT «—li change a flux is produced, the output wind- 
ing rigatl wtB he an early peaking positive pulse of ap- 
pranmatcly 40 an at its peak. For half selected tape 
/ ■— | —mt— M g—— signal is obtained when 

the U or V *■«— « poise is terminated. If a tape core is 
falhr selected, that is, if both the (J and V windings 


ate — d simultaneously, the resultant field will 
fan the cote to switch to point C, producing a rela- 
tively large change in flux to yield approximately a 400- 
ma on the outp-t winding. This signal is the read- 

cuffent pulse wed to half read select a let rite core 
When the U and Y current pulses are terminated the 
bias field will caus* the tape core to switch hack to point 
A, again producing a relatively large change in flu* to 
yield approximately a 400- ma signal on the output wind- 
ings This latter signal is the write-current puke used to 
half write select a ferrite core. 

Figure 27 shows the arrangement and connection 
of the taps cores to form a portion of the tape core ma- 
trix. A* previously stated, only one U and V line can be 


3‘AS 
O SD KG 















»< KCT. 3 


the nmalM of the ohmd U lad V line cmn be 
twiitha l co wd ■lire currents. Each tape core 

output aa4ia| is coaaaOBi to one X or one Y wind- 
ing; thus., only the selm ed array drive line will receive 
the npand hatf-ampiitode curtent r e qu ite d by the fer- 
rite am . The hatf-sekceed tape cotes produce small 
noise pahs. 

3JJ Seduc ti o n Omit Aneriysls 


only the 


As *— — » in i g u a 7—29, the four groups of selec- 
tion i ii inn ate ph yor afl jy alike, and the only func- 
tional dfluean betwe e n them is rite source of input sig- 
nal' and the destina tion of the output signals. The input 
signals ate representative of information contained in 
the MAR. The dhtribaaon of these signals is shown in 
table 7—9- Smce the cxicnar groups are alike, the follow- 
ing dtvuwim will be based on only one of these; 


namely, the Xv Section circuit group which a shown in 
figure 7—28. 

As noted in figure 7—28 the ciear memory-controls 
pulse (delayed TP 0 or start-memory pulse) resets rite 
MAR flip-flops and the input amplifier (I A) deselect 


TABU 7-9. DISTRIBUTION OF MAR tM$ 


CIRCUIT GROUP 

DIODE MATRIX 
DECODER INPUTS 

Yv 

RSR3 

Yv 

R4-R- 

Xv 

R8-R 1 1 

Xu 

Ri2-Rl5 



TP-O DELAYED 

Ftgmrm 7—28. Xm fuiutffon Circuit* 


tp-o sn-f sjousbc 


SM + 2 .6 USEC 













aims 

tip-flop. At TTO, the LA derefrrt flip-flop is set and the 
desired din i ■ transferred to tin MAR. He bet R12, 
R13, tli and E15 flip-flop concern is d ecoded by a 16- 
wny-AND Mt matrix decoder (DMD) to condition 
one of (he lfi kaput amplifiers. The 4-digit binary num- 
bers ii 1 rimed with each of the ma t rix output lines 
> ie « of MAR bits R12, R13, R14, 

mid RI5 11 iprrri 1 r I j Only one of the doth matrix 
outputs can be selected (—30- volt level) at any one 
ww; the seamining 15 outputs are at a 4-10-volt level. 
The at the MD are applied to the input am- 

plifiers winch inver t , amplify, and change the level of 
the input signal. The nonsekcted input amplifier out- 
puts are at a -240-volt level (+ 10-volt input), and 
the input amplifier is at — 150-volt level ( — 30 - 

volt input). 

It should be noted that the —AND circuit whose 
output is designated by 1111 has an additional input 
from the LA deselect flip-flop. This additional input is 
required > ■» ■»*** the input amplifiers have capacitive 
coupling be t w e en stages and clamping circuits to hold 
their outputs at the nonselect level of — 240 volts. W hen 
an input amplifier is selected, it can maintain its selected 
output level of — 150 volts for only a short rime, deter- 
mined by the rime constant of the capacitive coupling 
network. The output level will fall to the — 240-volt 
level even rfm — g l * the input signal remains constant at a 
— 30-vohlevcL 

This t— tt that when the same input amplifier is 
to be used during a number of consecutive cycles, it 
must be deselected and then selected again for each 
memory cycle. Deselection of 15 of the 16 input -mpli- 
fi«-rs is performed automatically when the M \R is 
cleared ud set to the new address. The 16th input 
amplifier is d riven by the — AND circuit whose inputs 
are from the 0 sides of the bit R12, Rl3, R14, and R15 
m emo r y address register flip-flops. When each of these 
four flip-flops c on tains 1, designating the cleared condi- 
tion, four — 3d-volt conditioning levels ate applied to 
the — AND circ ui t . If a number of consecutive memory 
cycles are ex e cute d in which address bits R12, Rl3, R14, 
and R15 r e main cleared (contain l’s), the MAR flip- 
flop input le v e ls to die — AND circuit will remain con- 
stant. To provide for IA deselection in this case, the 
— AND ri miir ha« five inputs instead of four. The fifth 
input comes from the 0 side of the IA deselect flip-flop. 
Tire IA dneirrt flip-flop is set at TP 0 and applies a 
-30-volt le v el to the —AND circuit, enabling if to act as 
any other — AND circuit in the matrix. When the mem- 
ory a d d reas reprter is cleared, the IA deselect flip-flop 
is «!“> cfcaand. Its iwdT* 1 * to A* — AND circuit becomes 
4-loV, effectively deselecting the -—AND demit and the 
input amplifier it drives. Hus, in all cues a — 30-volt 
gate is actually applied to the selected input amplifier, 
thereby insuring proper action 


As shown in figure 7-28, the output of each input 
am plifi er a applied to an associated SWD. A switch 
driver is a gating circuit which, when conditioned bj a 
— 150-volt level, v.ill pass a current pulse. generated by 
a current regulator (CR) to drive the selected U line of 
the X tape cor*. The current regulator is a power ampli- 
fier which is activated by a negative read gate signal to 
generate a current pulse in one of the 1 6 associated 
SWD’s. Figure 7-28 shows that only one SWD can 
have an output at any one time. The active SWD is the 
one receiving both a — 150 -volt conditioning level from 
an input amplifier and a current pulse from a curi*.nt 
regular -?r. 

Since all four of the selection circuits groups are 
actuated by read gates at approximately the same time, 
current pulses will be applied to the selected U and V 
lines of each tape core matrix. At the point of coinci- 
dence, a tape core is selected in each matrix which, in 
turn, supplies the required coincident read-write current 
pulses to its associated X or L array drive line. Table 
7—10, which constitutes the tape core matrix selection 
gridwork, identifies the array drive line (in physical and 
ocquad notarion) associated with the output winding of 
each tape core. Since the ocquad address notation pro- 
vides symmetry in specifying the selected X and \ drive 
lines, this table represents both the X and Y tape core 
matrices. As noted in the table, the 2 -digit octal num- 
bers in the leftmost column specify the U input lines, 
and the 2-digit octal numbers in the topmost row 
specify the V input lines (fig. 7-24). During memory 
operation, the tape core at the intersection of the selected 
U and V lines will generate the required read-write cur- 
rent pulses. The individual tape core output windings 
are connected to the a r r_y X or Y drive lines as shown 
by the identification numbers contained in each box. ri.c 
upper number in each box specifies the physical X or Y 
drive line, and the lower number, which is obtained by 
regrouping the combined binary equivalent of the se- 
lected U and V lines, designates the ocquad coding of 
that line. 

As noted in table 7—7, consecutive ocquad addresses 
are contained in consecutive columns; thus one method 
to determine the selected U and V lines (switch drivers) 
for a given ocquad address consists of searching the 
table column by column for both the X and Y portions 
of the address. A second method consists of regrouping 
the binary equivalent of the ocquad address into V and 
U line notarion for each tape core matrix directly (fig. 
7-24). If the selected X or Y line is specified by physical 
line notation, then reference to table 7—10 will yield 
riif associated ocquad line designation, which can then 
be converted according to one of the two methods noted 
above. 
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Tim 7-W. X AMD Y TAPI coti Mifltt OUTPUT 

V (Octal) 



00 

01 

02 

03 

04 

09 

06 

0? 

10 

11 

* ■* 
a «. 

13 

14 

15 

16 

r 


0 

4 

• 

12 

16 

20 

24 

28 

32 

36 

40 

44 

48 

52 

56 

60 

00 

000 

•40 

100 

140 

200 

240 

300 

340 

400 

440 

>00 

540 

600 

640 

TOO 

740 


64 

40 

72 

76 

80 

84 

88 

92 

96 

100 

104 

108 

112 

116 

120 

124 

01 

OOl 

•41 

101 

141 

201 

241 

301 

341 

401 

44 } 

501 

541 

601 

641 

701 

741 


120 

152 

136 

140 

144 

148 

152 

156 

160 

164 

168 

172 

176 

180 

184 

188 

02 

002 

042 

102 

142 

202 

242 

.302 

342 

40" 

442 

502 

542 

602 

642 

702 

742 


192 

196 

200 

204 

208 

212 

216 

220 

224 

224 

232 

236 

240 

244 

248 

252 

03 

003 

043 

103 

143 

203 

243 

303 

343 

403 

443 

503 

543 

603 

643 

-03 

743 


1 

5 

9 

13 

17 

21 

25 

29 

33 

37 

41 

45 

49 

53 

57 

61 

04 

010 

050 

110 

150 

210 

250 

310 

350 

410 

450 

510 

550 

610 

650 

"MO 

■'50 


65 

69 

73 

77 

81 

85 

89 

93 

97 

101 

105 

109 

113 

117 

121 

125 

03 

001 

051 

111 

151 

211 

251 

311 

351 

411 

451 

511 

551 

61 1 

651 

"1 1 

151 

U (Octal) 

129 

133 

137 

141 

145 

149 

153 

157 

161 

165 

169 

173 

177 

181 

195 

189 

06 

012 

052 

112 

152 

212 

252 

312 

352 

412 

452 

512 

552 

612 

652 

712 

752 


193 

19” 

201 

205 

209 

213 

■5 1 -T 

1 - 

22! 

225 

229 

233 

237 

241 

245 

249 

253 

07 

013 

053 

113 

153 

213 

253 

313 

353 

413 

453 

513 

553 

613 

653 

713 

753 


2 

6 

10 

14 

18 

22 

26 

30 

34 

38 

42 

46 

50 

54 

58 

62 

10 

020 

060 

120 

160 

220 

260 

320 

360 

420 

460 

520 

560 

/on 

660 

"•9 

760 


66 

'51 

74 

78 

82 

86 

90 

94 

98 

102 

106 

! 10 

114 

1 18 

122 

126 

11 

021 

061 

121 

161 

221 

261 

321 

361 

421 

461 

521 

561 

621 

661 

721 

761 


130 

134 

138 

142 

146 

150 

154 

158 

162 

1 66 

170 

174 

178 

182 

186 

190 

J 12 

022 

062 

122 

162 

222 

262 

322 

362 

422 

462 

522 

562 

622 

662 

722 

762 


194 

198 

202 

206 

210 

214 

218 

222 

226 

230 

234 

238 

242 

246 

250 

254 

13 

023 

063 

123 

163 

223 

263 

323 

363 

423 

463 

523 

563 

623 

663 

723 

763 


3 

7 

11 

15 

19 

23 

27 

31 

35 

39 

43 

47 

51 

55 

59 

63 


14 

030 

070 

130 

170 

230 

270 

330 

370 

430 

470 

530 

570 

630 

670 

730 

770 


67 

71 

79 

79 

83 

87 

91 

95 

99 

103 

107 

111 

115 

119 

123 

127 

19 

031 

071 

131 

171 

231 

271 

331 

371 

431 

471 

531 

571 

631 

671 

731 

771 


m 

139 

139 

143 

147 

191 

195 

159 

163 

167 

171 

175 

179 

183 

187 

191 


032 

072 

132 

172 

232 

272 

332 

372 

432 

472 

532 

572 

632 

672 

732 

772 


193 

199 

203 

207 

211 

219 

219 

223 

227 

231 

235 

239 

243 

247 

251 

255 

17 

033 

073 

133 

173 

233 

273 

333 

373 

433 

473 

533 

573 

633 

673 

733 

773 


SECTION 4 
SENSE SECTION 


The save section of die 2 Stf* memory elem e nt con- 
sees of 33 esse mapBfiers, one far each m emory plane, 
jy .fa — «ly dsosaed in 9— l of this ch ap t e r, the 
aenae winding* of the Id sailplanes of a memory plane 
■»«i» mn i Mf i i J in foot KB$t sections of four subplanes 

This grou p ing of subpiane sense windings was matte 
in order to r ed u c e the eff ect s of half -select noise that is 
generated daring the read portion of the memory cycle, 
ha any given address in a plane, 295 X and 

259 Y cores are disturbed by half -select current pulses, 
if the wrnlow noise ge n era ted by these 510 disturbed 
cores was allowed to add during the read portion of the 
memory cycle, the resultant noise level could not be 
rej ect ed by the sense amplifier. 

To mi«Mnni»» die effects of noise signals, the sub- 
piane sense windings of each sense section have been 
somccnd m a series-parallel maimer. Table 7—11 lists 
the subplancs in each group and also shows the series 

pwllri g r ouping 

As noted in the memory plane shown in figure 7 — 29, 
if the cote shown at the intersection of the X and Y lines 


The output of each sense section (see fig. "—29) is 
connected to one of the four input sections of a sense 
amplifier: thus each seme amplifier consists of four sepa- 
rate input sections and a common section The common 
section of the sense amplifier contains a gating circuit 
which is sensed hr a sample pulse to determine the output 
of die selected core. During a readout cycle, if the 
selected core contained a one, the associated MBR flip- 
flop, which is cleared at the beginning of the cycle, will 
be set to the 1 state. If the core contained a 0 the 
associated MBR flip-flop will remain in the 0 state. 

As noted in figure 7-29, the sample pulse does not 
sense all 33 sense amplifiers at the same time, but rather 
is delaved in steps of approximately 0.04 psec to sample 
groups of sense amplifiers. This delay in sample time 
between the first group and subsequent groups of sense 
amplifiers (table 7 — 12) is required because of the delay 
inherent in the X and Y selection lines. For optimum 
results if a 1 is read out of a plane, it is tv*cessary to 
sample the amplified output pulse when it is at its peak. 
The use of eight sample pulses compensates for the 
selection line delays and permits maximum memory 


is w la nw l, then half-selected noise will be ptdked up on 
sense winding C7, A5, D4, A2, 02, and Dl6. It should 
be noted that the only noise generated in sense section 
5 is that which Is generated in suhplane B6. Thus, even 
though 510 c o re s are half selected, sense section B will 
only pick up die noise from the 63X and 63Y half 
se le cted cores in sense winding B6. Under these condi- 
tions, the «"««« of half-select noise added to or sub- 
f«wiwl from the selected core output does not differ from 
the amoun t of muse generated in die existing 64 s 
memories (refer to Ch 2). 


TABU 7-11. SENSE WINDING CONNECTIONS 


SENSE SKTION 

SUBPLANCS 

A 

5 & 10; 2 & 17 

B 

3 & 6; 11 & 14 

C 

0 A 15; 7 A 12 

D 

1 A 4; 13 A 16 


NeSe.- Th t seme temdsegs of tmhplems 5 ami 10 me tmmtcted 
m em senes temp, eed the seme wi ndb s g s of ssskpteaes 2 
essd 17 mo eessmetod as m trperett series leap. The two 
series temps (1 emd 10; essd 2 rnsd 17) err ees s mrrtsd as 
pmeltot ta the sossse sect sea omspsst Serasbsets. The other 


reliability. 

During a store cycle, the sample pulse generated bv 
the memory clock must not be applied to the sense am- 
plifier*. What. such 3 cvrie *s executed, an inhibit sample 
pulse is supplied te the memory element at the beginning 
of the cycle. This pulse clears the sample gate generator, 
thereby deconditioning the sample gate so that the sample 
pulse will be inhibited during this cycle. The sample 
gate generator is set at the beginning of each memory 
cycle; thus a readout cycle is executed if an inhibit 
sample pulse is not supplied to the memory. 


TABLE 7-12. SAMPLE PULSE GROUPING 


SAMPLE GROUP 

PLANES 

I 

P-L3 

11 

L4-L7 

III 

L8-LU 

IV 

L12-L15 

V 

R5-R3 

VI 

R4-R7 

VII 

R8-R11 

VIII 

R12-R15 




















































The four DPD’s of each 
to nypty an inhibit-current pah*, 
jJi Jii t region which contains the 


Hr t ww of dhe method of addressing used in the 
23d 2 m i—}, i mil mil r moKsory addresses are coo- 
taiaed in conaacneive kdnhK regions (see Sect. 2 of 
«hi« Chapter). Senne f an e iulwln regions ate available, 
die two last dpifcant b««» of a memory address con- 
tained in MAS Mb Rl4 and R15 are used to determine 
which inhi bi t min h selected. Table 7-13 lisa the 



of each inhibi t region as well 
of MAR hats Rl4 and Rl5 that will 


designate the taHbac region selected. 

Figure 7 — 30 is a Mock diagram of the DPD control 
circuits that ate — 1 to control the generation of inhibit- 
cnrrent pubes lor the left half-word. Since the right 
half- word is c o ntrolled in exactly the same manner by 
a second sec of control circuits., the following circuit 
analysis is £ w »KrAI> to both half-words. As noted in 
figure 7—30 the inhi b it gate generators are in the cleared 
state at the beginning of each memory cycle. If the 256-' 
memory is sele ct ed for operation, a start-memory pulse 
is applied to dbe memory clock to initiate memory 
operation. During the read portion of the memory cycle, 
information is tr a n sf erred to die MBR from either the 
selected mtaun arkLess (readout cycle) or from an 
e xt er na l ioiiih (store cycle). In either case, during the 
write portion of the memory cycle, the information con 
Cained m the MBR is written into the selected address. 
If specific hits of the MBR contain 0’s then an inhibit 


i .y t (nun- be g e nerat ed in the wtacnd inhibit region 
of the associated memory planes to overlap the w rite 
current pulse, thereby preventing the wririiig of a 1 in 
the selected core. As noted in figure "-20 a set-inhibit 
is generates: by the memory clock which senses 
the gam tubes controlled by MAR bits Rl4 and RI5 
to set the inhibit gate generator for the selected inhibit 
region. The selected inhibit gate generator develops a 
negative pulse ( + 10 to 30) on its O-side output which 
is appfied to the - AND input circui£ of each associated 
DPD. If a particular MBR flip-flop contains a 0 its 
1-side output will be at a - 30- volt iesel and the nega 
rive in? ibit gate will activate the associated DM) circuit. 
A,t ir riWt -current pulse will thus be generated in the 
selected inhibit region of the associated plane. 

The selected inhibit gate generator is cleared 
approximately 2.0 itsec after it was >et: thus the inhibit- 
current pulse (2.0 psec in duration) will properly over- 
lap the write-current pulses. 


TABLE 7-13. 

INHIBIT REGION 

SELECTION 

INHIBIT 

REGION 

SUBPLANES 

MAR BITS 
R14 AND HIS 

0 

0,4,10,14 

00 

1 

1, 5, 11, 15 

01 

2 

2, 6, 12, 16 

10 

3 

3, 7, 13, l 7 

11 
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TIMING AND GATING 


cycle most be tmultd accAifiog to a very stringent 
idtedak. h is the fancttna of dhe riming and gating 
section of the 25# mzmmj to provide this rigid control 
in the tom of control poises and gate signals. 

The timing and control section consists of a memory 
pulse distributor (MPD) and the entire complement 
of gate genera t or s controlled by it. The MPD is actually 
a long delay bne (approximately 6.0 psec) which receives 
a start-memory pulse at the beginning of each 25 6 s 
memory cycle. The delay line is tapped at several points, 
and the various delayed poises are used to control the 
gating circuits. These gating chcuits consist of flip-flops, 
whose ootjM levels control the various memory circuit 
functions. 

A simplifie d block diagtmn of the timing and gating 
circuits of the 256 s me m or y is shown in figure 7—31, 
fokkntt. As noted in die figure, four different input sig- 
nals are supplied from the Centra! Computer System to 
co n di tion and activate these circuits. These inputs are 
identified as follows: 

a. TP 0 pulse 

b. MAR hit Rl4 and R15 output levels 

c Start- m em ory pulse (TP 0 delayed) 

d. Inhibit sample pulse (TP 2 ) 

Hie first two signals are always supplied to the 
256* m e mor y , regardless a f its selection status. If the 
25# memory is not s e lect ed, the TP 0 pulse initiates 


action to reset the MAR and IA deselect flip-flop. If the 
25 6 s memory m selected for operation, the third pulse, 
start memory . is also generated to control the timing 
of the read-, write- and inhibit-current pulses required 
during i’.t execution of both the readout cycle (OTb 
or HI) .ad the store cycle (PT, OT or BO). During 
execution of the store cycle, the fifth pulse, inhibit 
sample, is also generated to inhibit the sampling of the 
sense amplifier, thereby erasing the content of the spec- 
ified memory location during the read portion of the 
cycle. (Refer to Sect 4 of this Chapter.) 

Figure 7—32 is a timing chart showing the sequence 
of events for the memory-selected condition. As noted, 
the read and inhibit gate generators are set for this 
condition to control the generation of read, write, and 
inhibit-current pulses. Figure "—3 1 shows that the V 
gate generators are set by the start-memory -delayed 
pulse (approximately TP 0 -f- 0.4 psec) to supply a 
negative gate to the conditioned Xv and Yv current 
regulators, which in turn control die generation of the 
current pulses supplied to the specified V selection lines 
of the tape core matrices. The TP 0 pulse is also applied 
to MPD IV; however, in this sample the MPD IV gate 
tube is conditioned when sensed, so that no action results. 
Anproximately 0.2 usee aitv- tilt siaat men:., y pulse was 
generated, the U read gate generators are set to supply 
current pulses to the specified IJ seieenun i»nt» of the 
tape core matrices. As a result, each tape core matrix 
is now supplied with U and V current pulses and the 
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•elected uac cme of r** -1 * wn will wil d ) to provide 
i ff Af iin w tt palm to dw X and Y drive 

lines of die array. 

1| | ii ■wulj 1.4 umc after the start-monon pulse 
was gmerauefl, MFD 1 develops * sample pulse which 
is applied to the <§®sfl* gttt generator tube. If a mem- 
ory readout cycle is being executed, the gate tube will 

be rtiriimnl so «*«— the eight sample pulses will be 

applied to dar 33 team amplifiers. Staggered sample 
traune is sonmied becaase of the delay characteristics 

oTSx-YTwIiws 

Approanmaarfy 1.5 pssc (MPD I) after the start 
memory poise, the Xv and Yv read gate generators are 
cleared to te r min ate the read-current pulses. 

Approximately 1.1 usee later, MPD II generates a 
pulse to clear the Xu and Yu read gate generators to ini- 
tiate the write portion of the cycle. The U and V read 
gate generators are set nod cleared at separate times in 
order to spwft op selection and also to reduce the noise 
generated in the sense winding. The action of clearing 
the read gate generator} causes the two selected tape 
cores (one ki each tape core matrix) to be switched back 
to the original Mate, thus generating the write-current 
pulses rMparcd by the associated array drive lines. 

Approximately 2.2 itsec after the ‘tart memory pulse 
the selected left word ichtbk gate generator is set by 
a MPD II pulse which senses the six gate tubes con- 
trolled by the MAR bit R 14 and Rl 5 flip-flops. About 
0.2 usee later the selected right word inhibit gate 
generator is set in exactly the same manner. The selected 
inhibu-gafe poises (negative pulses from 0 side out- 
put) iense the 33 dig it plane drivers of the associated 
inhibit region; only those DrD’s that are conditioned 
(at a — 30-wk level) by the 1 side of the associated 
MEM flip-flop will pass the inhibit gate to activate the 


associated DPI which in turn generates mi mhihif 
current pulse. 

The left and right word inhibit gale generators are 
cleared at approximately 4.2 usee and 4.4 uses, tvspec- 
tively, after the start-memory pulse. Sim c the mhihit- 
current puke of each plane must user lap the write- 
current puke, staggered setting and clearing at the left 
and right word inhibit gates is required because of the 
delay characteristics of the X and Y drive lines. 

During a memory cycle in which core mettio.x i j s 
selected, the MAR and 1A deselect flip- Mop are , lea red 
by a MPD II pulse which is developed approximately 
3.0 nsec tter the start-memory pulse was generated 
Since the read gate generators are cleared prior to this 
time, the clearing of these controls' does not atl.-st the 
operation of the selected tape core in e.ulr ot t ‘ve uoc 
core matrices. That is, the write portion of the memory 
cycle is not affected by this clearing action, Ihe MAR 
is cleared at this time in order n» provide more rime 
for the selection of the next memory address during «he 
next memory cycle. If core memory 1 is not selrxted 
during a memory cycle, then the MAR and rh t - | -V 
deselect flip-flop are cleared by a delayed 1 1’ ;* mdse 
As shown in figure -32. a raw TP 0 puK, is apphed 
to MPD IN’ during every memory cycle l his p u u c j s 
delayed i.5 usee and applied to the MPD IN svhe h 

is controlled by the Yu read gate generatoi Sm >( - this 
gate generator is set only by a delayed stair memory 
pulse, the gate tube (MPD IV') is conditioned o n | v 
when core memory I is not selected. If this luuci con- 
dition exists, a core memory-not-selected pulse i, routed 
through MPD II to clear the MAR and the I N deselect 
flip flop approximately 1.5 usee after IP o. i he vicar 
inhibit pulses which are generated by MPD III do not 
perform any useful function since none of the inhibit 
gate generators were set. 
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CHAPTER 6 

PARITY CHECKING CIRCUITS 


The ^aM a a of pari ty is equality with respect 

to as i ii ihiiifwri qesadqr or standard. Mote applkaUy, 
parity iray he defined as umfomsty in either the oddness 
or evenoess of number. The latter concept, in a slightly 
modified version, is used in the AN/FSQ-? equipment 
for detecting errors incurred during the transfer or stor- 
age of binary information. Although parity is sometimes 
employed to verify the results of computations, it does 
not serve th» particular function in the AN/FSQ-7 
Central Computer System. 

In an mot detection scheme based on the more 
appropriate definition of parity, all words entering, leav- 
ing, or circulating within a system must have uniform 
parity; that is, every Unary word either naturally exhibits 
or must be to exhibit a parity in common with that 
of all other words in the sy ste m. Before elaborating on 
this principle, a further clarification of parity is neces- 
sary from the standpoint of its application in the Central 
Computer System. First, the es t ab lish ed parity for all 
words in the Central Computer is odd. Second, the parity 
does not hinge on the absolute numerical value of a word 
of infornatioa: rather, it is based on the number of 
bina ry l’s contained in a word, be it an instruction w >rd 
or a data word. Since die established parity is odd, each 
word in the Central Computer (which has parity) must 
have an odd number of l’s. Obviously, die parity of 
many words will naturally be odd. Those words having 
an even purity ace given odd parity. This is accomplished, 
without the information contained in the nor- 

mal 3-bit word, by prefixing to it a parity bit. When the 
nat ural parity of a word is even, the parity tut is made 
a 1; it is left at 0 when the original parity is odd. Having 
an odd parity to all words, every word can then 
be check ed for conformance with this characteristic. If, 
upon submp^t examination, a word is found to have 
even parity, it can rightfully be assumed that an error 
was either in storing or in transferring the 

word from a particular source to a specific destination. 
For purposes other dun checking the accuracy with 
which information is tran s ferre d, the parity bit is mean- 
ingless and it discarded befote a data word is entered 
into ** fcd— an inumrt ion word is decoded. 

As a result, a practical application of parity requires 
cir cuits that aaa rapahle of (1) determining whether the 
number of binary l’a in a m e e d of informaBo n is odd or 
even, (2) a ma&atm parity to all words, (3) 


checking the parity of words to which parity has been 
assigned, and «4) generating a signal when a word with 
incorrect parity is detected. The first requirement is 
integral to both parity assigning and checking. 

6 J2 MSsMMIT PARITY CIRCUIT 

The memory parity circuit performs a dual function: 
it assigns a uniform parity to all words originating within 
and without the Central Computer to which no parity 
has been previously assigned, and it checks the parity of 
words to which parity has been assigned. The latter 
function constitutes the test on the accuracy with which 
data is transmitted from the core memory array to the 
memory buffer register (MBR), and from several of the 
input sources to the MBR. Since the MBR is situated at 
the crossroads of all information paths in the Central 
Computer System, both parity assigning and checking 
take place at the MBR. 

Of the several sources of words which are trans- 
ferred through the MBR, only tapes and specific drum 
fields have a parity bit assigned. Therefore, words from 
these sources need only be checked for correct parity; 
all other inpur sources require that the parity circuits 
assign a parity bit. All words read out from memory , of 
course, have parity bits and require only parity checking. 

A simplified logic diagram of the memory parity 
control circuit is shown in figure 1—M. Its prin- 
cipal elements are a series of gates and OR circuits that 
constitute a counting circuit, a parity write flip-flop, a 
parity check flip-flop, and a parity check control flip-flop. 

The counting circuit senses the parity of the word 
contained in the MBR. The parity write flip-flop con- 
ditions a gate by means of which the parity bit flip-flop 
in the MBR may be set at 1 in the event that the count 
indicates a word of even parity. The parity check flip- 
flop controls a pair of gates through which the parity 
alarm circuits are activated. The parity check control flip- 
flop controls the operation of the parity circuits during 
BI cycles. Note that the input pulses to clear this flip-flop 
come from an input source not having parity. 

It was mentioned earlier that the parity operations 
performed at the MBR are assign and check. An assign 
operation mav be considered to consist of a parity count 
followed by the writing of a 1 or 0 in the parity bit 
flip-flop. The fhwlring operation also begins with a count 
but is followed by a parity check. It will be noted that 
the counting procedure is common to both parity assign 





Figure 7—34. Parity Checking Circuits, Simplified logic Diagram 
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mad check. For co nv e nie nce,, die owning o p e rat ion will 
he anted fint and will be follo we d by the owdl oper- 
assan of the polity control ckossts. 

U PARITY COUNTING 

The counting operation neither counts nor totals 
the number of l's in a binary wend but only ascertains 
wisecher the total is odd or ma A count is begun with 
rise application of a pulse n the two gates associated 
with the R15 flip-flop in the MHR (fig. 7— M). ( Hence - 
forth, a register flip-flop and its associated gates and 
O® circuits will be termed a stage.) One of the gates is 
conditioned by the 0 side of the flip-flop, the other by 
the 1 side. If RlS happens to be a 1, the counting pulse 
will pass throof^i the gate conditioned by the 1 side and 
will emerge on the odd line. Conversely, if Rl5 is 0, 

count pulse will pass through the gate conditioned 
by the 0 side and will exit on the even line. Although the 
remaining stages in the register are each complicated by 
die inclusion of two additional gates, the operation at 

stage is identical with that described for K15 and 
ks associated gates. The additional gates are necessary' 
because the count pulse may arrive at any subsequent 
stage on either an odd or even line, whereas at the first 
stage only a single input line was encountered. 

Upon leaving the first stage, the count puise succes- 
sively samples the gates at each of the remaining stages. 
The line on w hich it enters a particular stage is dependent 
upon the parity count at the preceding stage. The line 
cm which it leaves that stage depends on the content of 
rise Associated flip-flop. Since the flip-flop may be set at 
rAer 1 or 0, and since the count pulse may airive on 
Hriier of two lines, the combination of these consider - 
rntiems giv.es rise to four possible conditions The four 
conditions and die resultant output line (paritv count) 
produced by each are listed below and are applicable to 
all bat the first stage. 

It will be noted that a pulse sampling the gates of a 
ip flop containing a 0 leaves the stage on the same line 
it entered on. A count pulse arriving on either an odd 
fine or an even line, upon sampling a 1, exits cm a line 
opposite to that on which it entered a stage. In all cases, 
the action is equivalent to a progressive determination 
of die parity at each and every stage. 


MPUT LINE 
(PARITY) 

CONTENT OF 
MBR FF 

OUTPUT LINE 
(PARITY) 

Odd 

0 

Odd 

Odd 

I 

Even 

Even 

0 

Even 

Even 

1 

Odd 


In summary, a parity count pulse determines the 
overall parity of a word by traversing the entire MBR 
and sampling the bii at every stage to sense the parity of 
the word up to ...d including that stage. The final parity 
is obtained when the pulse samples and leases the last 
stage in the MBR. 

64 PARITY ASSIGNING AND CHICKING 

The parity assigning and checking operations differ, 
depending on the type of word transfer: 

a. All words being read out of core memory. 

b. Words from the arithmetic element being read 
into core memory . 

c. Words from IO devices being transferred into 
core memon with (1) parity or (2) no parity. 

The discussion of the paritv assigning and checking 
operations is divided accordingly. 

6.4.1 Words Read Out of Core Memory 

In this discussion, the parity check control flip-flop 
is of no consequence since its gates are strobed only 
with BI pulses. 

The operation begins with a TP 1 pulse clearing the 
MBR and the parity check flip-flop and setting of the 
parity write flip-flop. The parity write flip-flop is set 
at TP 1 for every type of memory transfer operation 
in anticipation of the necessity to assign a parity bit. In 
this case, however, parity is not to be assigned and the 
flip-flop will be subsequently cleared. The start memory 
pulse is also issued at approximately TP 1 and. by TP 6. 
the selected word has been transferred from a core regis- 
ter to the MBR. 

k is now necessary to check for correct parity and. 
accordingly, the parity count ir. begun with a command 
47 generated by <»»: Ik “. At the ‘am f rim^. the parity 
write flip-flop is cleared and the parity check flip-flop 
is set with a TP 7 pulse. The parity check flip-flop is set 
on the premise that a parity error exists in the MBR. It 
can only be cleared by a puise on one of the odd lines 
leaving the gates tin the parity bit stage, which indicates 
that the parity is correct. The parity check flip-flop is 
sensed at TP 10 (command 55), and if found set the 
puise is channeled to rhe alarm circuits to set a memory 
parity alarm condition. 

6.4.2 Words Rood Into Memory from 
Arithmetic Element 

Computer words are transferred from either the 
accumulators or the A registers into memory through 
the MBR. Since no parity bit exists in these words, it is 
necessary to assign parity. Such a transfer always takes 
place during an OTb or store cycle. 

As before, the MBR and the parity check flip-flop 
are cleared and the parity write flip-flop is set with a 
TP 1. The parity count is begun by an OTb ) pulse. If 
the output pulse from the LS stage is even, it is necessary 


% seethe pack? felt fifAft; Accradiagty, die poke on 
. the— i .M m ntveferi A»p»aed» f side of the parity 
write fey iep aid is fed feeds so set the parity bit flip- 
Sgp. tf the o— p— puke fee— the LS stage was odd, the 
pansy bit feipdfeop ■ ptspsiy left in the cleared state. 

At OTk 7. the parity cues is started again, and the 
parity w rit e feplnp is deuced — prevent a parity write 
op erat i o n. The ecnari parity count and check is pet- 
fora— 1 e ven though parity was just assigned to check the 

flip-flop k done as explained m 6.4.1. 



The parity check contra! hp-fop is set at OT 5 of 
every SELECT instruction (deselect pulse). It remains 
set unless one of the IO de v ices which has no parity bit 
. is to be read. It is cleared at FT 5 of the SDR (main) in- 
struction fra certain dram folds and at PT 1 of the RDS 
or WRT instruction if the tape or Drum Systems are 
not selected. The gates on the parity check control flip- 
flop channel BI pulses involved in the parity check. 


CM • 

4 ^ ^ — that — IO device having parity a being 
teed (the perky check control flip-flop is set). The MBR 
and the parity check flip-flop are cleared, and the parity 
wri te flip-flop is set with a TP 1 pufae. A BI 2 finds the 
parity check concrci flip-flop cleat and goes on to clear 
tfo parity write flip-flop. (This will prevent the writing 
of parity.) At Bi 3, the parity count is begun. At BI 7, 
the parity cherK flip-flop is sensed. If found set, the 
pulse is channeled to the alarm circuits as an IO parity 
alarm. 

^low assume the ■ read ing of an IO device which 
does not have parity. (The parity check control flip-flop 
is chart d.) As in all cases, the MBR’s and the parity 
check 7 Jp- flop are cleared and the parity write flip-flop 
is set at lP 1 The BI 2 pulse cannot dear the parity write 
flip-flop as before so that parity is to be assigned at the 
completion of the count. The count is begun with a BI 
3. A BI 7 pulse senses the gate on the clear side of the 
parity’ check control flip-flop and, passing, goes on to 
begin the second count. At TP 10, the parity check flip- 
flop is sensed. If an incorrect parity is detected, a memory 
parity error is generated. 


